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South African guidelines recommend repeat viral load testing within 6 months when human immunodeficiency
virus (HIV) viral loads exceed 1,000 copies/mL. We assessed whether South African facilities follow viral load
monitoring guidelines and whether guidelines improve HIV-related outcomes, using a regression discontinuity
design in a national HIV cohort of 174,574 patients (2013–2015). We assessed whether patients with viral loads
just above versus just below 1,000 copies/mL were more likely to receive repeat testing in 6 months, and we
compared differences in clinic transfers, retention, and viral suppression. The majority (67%) of patients with
viral loads of >1,000 copies/mL did not receive repeat testing within 6 months, and these patients were 8.0%
(95% confidence interval (CI): 6.2, 9.7) more likely to receive repeat testing compared with ≤1,000 copies/mL.
Eligibility for repeat testing (>1,000 copies/mL) was associated with greater 12-month retention (risk difference =
2.9%, 95% CI: 0.6, 5.2) and combined suppression and retention (risk difference = 5.8%, 95% CI: 3.0, 8.6).
Patients with viral loads of >1,000 copies/mL who actually received repeat testing were 85.2% more likely to be
both retained and virally suppressed at 12 months (95% CI: 35.9, 100.0). Viral load monitoring might improve
patient outcomes, but most patients with elevated viral loads do not receive monitoring within recommended
timelines.

HIV; regression discontinuity design; viral load monitoring

Abbreviations: ART, antiretroviral therapy; CACE, complier average causal effect; CI, confidence interval; HIV, human immuno-
deficiency virus; ITT, intention-to-treat; RD, risk difference.

World Health Organization human immunodeficiency
virus (HIV) treatment guidelines call for routine viral load
testing as a key component of antiretroviral therapy (ART)
monitoring (1). Daily ART suppresses HIV viral load in
most patients. Persistent viremia typically signals gaps in
adherence or resistance to first-line medications. Guidelines
call for viral load testing at 6 and 12 months after ART
initiation, and annually thereafter. If a viral load is >1,000
copies/mL, the World Health Organization recommends
addressing adherence concerns and repeating viral load
testing after 3–6 months (1). If the repeat value is >1,000
copies/mL, switching to second-line ART is recommended.
South Africa has adopted the World Health Organization
viral load monitoring guidelines as national policy (2).

Treatment guidelines indicate action should be taken for
patients with viral loads of >1000 copies/mL, while patients
with viral loads of ≤1000 copies/mL do not require immedi-
ate intervention. Coupled with adherence counseling, repeat
viral load testing at 3–6 months reveals whether a patient
has resuppressed or has a resistant strain requiring second-
line ART. Although viral load is a continuous, numeric
biomarker, the threshold rule assists clinicians in identifying
patients at high risk for treatment failure. Patients with
viral loads of ≤1,000 copies/mL are at reduced risk of
disease progression and HIV transmission (3). Randomized
controlled trials comparing routine laboratory monitoring
with clinical-only monitoring of ART-initiated patients
find reduced mortality and improved clinical outcomes
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for immunologically and virologically monitored patients
(4–6). Existing studies do not capture implications of an
eligibility threshold for repeat viral load testing.

Viral load monitoring is challenging, and issues like spec-
imen transportation, limited laboratory equipment and staff,
provider-patient communication, and clinic transfers can
impede meeting repeat testing goals (7). In prior research,
our group and others found that average time to repeat testing
after an initial viral load test was 3 months (8–10), but
others find the process can take >6 months (11, 12). It is
unknown whether South African health systems are meeting
the goal of repeat testing after an elevated viral load within
6 months, and whether being eligible for repeat testing leads
to improved patient outcomes.

We evaluated the effect of being eligible for repeat viral
load testing on HIV-related outcomes using a national
patient cohort developed from South Africa’s national
laboratory database. To estimate the causal impact of the
policy, we used a regression discontinuity design (13–15),
comparing patients with viral load values just above and just
below 1,000 copies/mL. Because viral load is a noisy, con-
tinuous biomarker, patients with viral loads just above and
below the threshold are expected to be similar on observed
and unobserved factors, enabling robust causal inference
without strong assumptions about absence of residual
confounding. We assessed the extent to which South African
facilities follow guidelines and estimated the effect of this
policy on retention, viral suppression, and clinic transfer
for patients with viral loads just above and just below
1,000 copies/mL.

METHODS

Sample

We analyzed data from South Africa’s National HIV
Laboratory Service (NHLS), the sole provider of diagnostic
pathology services for public-sector HIV treatment pro-
grams. NHLS data includes date and results of each labora-
tory test, with the date representing date of blood draw. After
blood draw, results are processed and sent back to facilities
or, in some cases, processed by a computer system. Labora-
tory results are transferred from the laboratory information
system to be stored in the NHLS Corporate Data Warehouse.
Previously, we used probabilistic data linkage methods (16)
to turn >50 million CD4 count and viral load results into
a national HIV cohort. The methods have been described
in detail elsewhere and used for national evaluations (17).
Briefly, we employed a novel matching method to link
records to each other, built on Fellegi-Sunter probabilistic
record linkage methods (18), Jaro-Winkler string compar-
isons (19), and graph-based entity resolution. The method
was validated by comparison with a manually matched set of
59,000 potential matches with 93.7% sensitivity and 98.6%
positive predictive value (20).

For this analysis, we included deidentified data for all
patients with a viral load of 400–2,500 copies/mL in South
Africa’s public sector HIV program, from January 2013 until
July 2015. Patients entered the study on the date of their
viral load test and were followed longitudinally through

December 2016—at least 18 months for all patients. Patients
with multiple viral load results in this period were allowed
to enter the study multiple times at each viral load test (viral
load test results are the unit of observation). We excluded
viral load results if the same patient had an elevated test in
the prior 12 months because these could be “repeat” tests.
For example, if a patient had 2 elevated viral load results
(>1,000) within 12 months, only the first test was included
as an observation. The second test was still used to assess
outcomes but not considered its own unit of observation.
We restricted the sample to laboratory tests after 2012 to
retain the most up-to-date data that still allowed for longi-
tudinal outcomes. While the database does not have date
of treatment initiation, during the study period guidelines
called for viral load testing 6 months after patients were
initiated on treatment (21). We included viral loads of 400–
2,500 copies/mL to focus on the area around the threshold
of 1,000 copies/mL (400 and 2,500 are equidistant from
1,000 in log-units). Viral load assays changed over time to
be more sensitive, but all assays detect viral loads of <400
copies/mL, and any change would be balanced above and
below the 1,000 copies/mL threshold.

Exposure

Our primary exposure was eligibility for repeat viral
load testing, defined as a viral load of >1,000 copies/mL.
Patients with a viral load of 400–1,000 copies/mL follow
normal monitoring protocols and repeat testing after 1 year
(6 months if it was their first test), while those with a
viral load of >1,000 copies/mL are eligible for adherence
counseling and repeat testing within 3–6 months (Figure 1)
(1). We additionally created a variable for receiving a repeat
test, defined as ≥1 additional viral load test within 6 months
of the test of interest. We did not require a minimum time
between the 2 viral load tests.

Outcomes

We defined outcomes by having a qualifying laboratory
test (described in each section below) within 12 months
(defined as at least 6 up to <18 months, or 183–547 days),
18 months (defined as at least 12 up to <24 months, or
365–729 days) and 24 months (defined as at least 18 up to
<30 months, or 548–911 days) after eligibility (Figure 2).
All patients had ≥18 months of follow-up and were included
in analyses of 12-month outcomes. For 18- and 24- month
outcomes, we included only patients with the full range of
potential follow-up (24 months for 18-month outcomes; 30
months for 24-month outcomes).

Retention. South African guidelines call for ≥1 laboratory
test within a 12-month period, and ≥2 laboratory tests during
a patient’s first year on treatment. We estimated retention
at 12, 18, and 24 months after eligibility as having any
CD4 or viral load testing within the respective time intervals
(described above).

Retained and virally suppressed. Viral suppression is
defined as <400 copies/mL per treatment guidelines (1, 2).
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Figure 1. Repeat viral load (VL) monitoring policy, South Africa.
Patients with viral load values greater than 1,000 copies/mL are
recommended to receive repeat viral load testing within 3–6 months,
whereas viral load values up to 1,000 copies/mL are given annual
testing.

We defined being retained and virally suppressed at 12, 18,
and 24 months after eligibility as having a viral load of <400
copies/mL within the intervals defined above. The negative
outcome was having a nonsuppressed viral load (i.e.,

retained but not suppressed) or having no viral load within
the same interval (i.e., not retained, unknown if suppressed).

Clinic transfer. We defined clinic transfer as having ≥1
HIV laboratory test at a different clinic from the viral load
result of interest at any point over follow-up.

Study design and statistical methods

Regression discontinuity design. We estimated the effect
of eligibility for repeat viral load testing within 6 months
(vs. eligibility for annual testing) by comparing outcomes of
patients with viral loads just below and above the threshold
for action (1,000 copies/mL). A regression discontinuity
design is appropriate when the treatment is fully or par-
tially assigned based on a threshold rule for a continuous
assignment variable (13–15). Here, “treatment” is intensive
monitoring for possible treatment failure featuring repeat
viral load testing within 6 months of a viral load of >1,000
copies/mL, which we observe, and adherence counseling,
which we do not observe. The continuous assignment vari-
able is the patient’s viral load value. Due to random mea-
surement variability in viral load assays, treatment eligibility
is as good as randomly assigned for patients near 1,000
copies/mL; therefore, comparing patients with viral loads
just above and below the threshold is akin to a locally
randomized trial. Because not all patients with viral loads of
>1,000 copies/mL will have repeat testing within 6 months,
our effect estimates have an intention-to-treat (ITT) interpre-
tation.

Statistical approach. We estimated the relationship be-
tween viral load and outcomes using local linear regression
models, allowing for a discontinuity at the threshold of 1,000
copies/mL by fitting separate slopes on either side of the
threshold. The model is represented by E[Y|Z] = β0 +
β1(Z − c) + β2Ti + β3((Z − c) × Ti), where β1 represents
the assignment variable (viral load value, Z) centered on the
threshold of 1,000 copies/mL (c), β2 is an exposure indicator

Figure 2. Visual representation of treatment and outcomes for regression discontinuity analysis of patients with an elevated viral load (VL)
in South Africa, 2013–2015 A) Treatment includes having a repeat viral load test within 6 months of viral load test. B) Clinic transfer outcome:
transferring clinics at any point after the VL test. C) 12-month outcomes are those that occur within the interval of at least 6 up to <18 months
(183–547 days) from the viral load test. D) 18-month outcomes are those that occur within the interval of at least 12 up to <24 months (365–729
days) from the viral load test. E) 24-month outcomes are those that occur within the interval of at least 18 up to <30 months (548–911 days)
from the viral load test.
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Table 1. Demographic and Clinical Factors for Patients With an Elevated Viral Load, Comparing Viral Loads Just Above and Below the Eligibility
Threshold for Repeated Testing of 1,000 copies/mL (n = 191,764), South Africa, 2013–2015

Viral Load Test Result
Comparison of Viral Load Test Result

of >1,000 vs. ≤1,000 copies/mL

Characteristic Just Below 1,000
copies/mL
(n = 81,271)

Just Above 1,000
copies/mL

(n = 110,493)
RDa 95% CI

Percent of total viral load sample 42.3 57.7

Age, yearsb 36.2 36.2 0.04 −0.4, 0.5

Female 66.4 66.9 0.5 −1.4, 2.6

Earliest CD4 countb 282.7 282.3 −0.39 −8.9, 8.2

No. of days since first CD4 or viral load testb 1,180.9 1,193.5 12.6 −22.8, 48.1

Viral load test year

2013 39.7 39.9 0.02 −2.0, 2.3

2014 39.1 40.0 0.09 −1.1, 2.9

2015 21.2 20.1 −1.1 −2.7, 0.6

Province

EC 13.0 12.7 −0.3 −1.6, 1.0

FS 4.1 3.7 −0.4 −1.3, 0.6

GP 33.4 34.0 0.6 −1.3, 2.6

KZ 18.5 19.0 0.5 −1.1, 2.2

LP 7.7 7.5 −0.3 −1.3, 0.7

MP 9.4 9.8 0.4 −0.9,1.6

NC 2.0 1.8 −0.2 −0.8, 0.4

NW 6.3 6.2 −0.1 −0.9, 0.8

WC 5.5 5.1 −0.4 −1.5, 0.7

Clinic size, patients/yearb,c 2,365.9 2,371.6 5.7 −106.2, 117.6

Abbreviations: CI, confidence interval; EC, Eastern Cape; FS, Free State; GP, Gauteng; KZ, KwaZulu-Natal; LP, Limpopo; MP, Mpumalanga;
NC, Northern Cape; NW, North West; RD, risk difference; WC, Western Cape.

a Estimates derived from separate local linear regression models for each covariate using data-driven optimal bandwidths and rectangular
kernel.

b Values are expressed as mean and mean difference.
c Represents the mean number of patients seen per calendar year among the 4,264 clinics where eligible patients received care (1,911

clinics for viral loads of ≤1,000 copies/mL, and 2,353 clinics for viral loads of >1,000 copies/mL).

for being eligible for a repeat test (viral load of >1,000
copies/mL, T), and β3 is a term for interaction between the
assignment variable (Z − c) and exposure indicator (T).
ITT effects were estimated on the risk difference scale using
separate models for each outcome. β2 is the risk difference
of the outcome for those with viral loads just below and
above the 1,000-copies/mL threshold, interpretable as the
ITT effect of the policy.

We selected data-driven optimal bandwidths around the
threshold using the Calonico, Cattaneo, and Titiunik method
(21) and the STATA packages rdrobust and rdbwselect
(STATA/MP, version 16.1; StataCorp LLC, College Station,
Texas) (22, 23). We used heteroskedasticity-robust standard
errors and a rectangular kernel, which weights data equally
within the selected bandwidth.

To assess policy adherence, we plotted the predicted prob-
ability of receiving a repeat viral load test within 6 months
against binned viral load values. We estimated the risk
difference of receiving a repeat viral load test at the threshold
by fitting a local linear regression model regressing exposure
(having a repeat viral load test within 6 months) by model
parameters described above.

We tested for systematic manipulation of the assignment
variable by plotting a histogram of first viral load results
and visually assessing bunching at the threshold of 1,000
copies/mL, and conducting a McCrary density test, which
assesses for discontinuity in the density of the assignment
variable at the threshold (24, 25). We compared available
covariates—age, sex, first CD4 count, time since entry to
care, viral load test year, province, and clinic size—for
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Figure 3. Histogram of viral load values among patients with an
elevated viral load in South Africa, 2013–2015. Plotted histogram
of viral load laboratory test values to check for bunching on either
side of the 1,000 copies/mL threshold. Lack of bunching around the
threshold suggests that patients and providers did not systematically
manipulate the assignment variable (viral load values) (n = 191,764).

patients with viral loads just above and below the threshold
using local linear regression with Calonico, Cattaneo, and
Titiunik bandwidths. Akin to a balance table in a randomized
trial, if characteristics are balanced above and below the
threshold, this lends confidence that the treatment was as
good as randomly assigned. Although balance cannot be
assessed on unobserved factors, balance is generated by
the treatment assignment mechanism. Due to the nature of
the study design, crude regression results are expected to
be unconfounded and other covariates are not included in
regression models.

Complier average causal effect. Not all patients with viral
loads of >1,000 copies/mL received intensive viral mon-
itoring; hence, differences at the threshold are interpreted
as the ITT effect of eligibility for intensive monitoring. To
understand the effect of intensive viral monitoring itself—
rather than eligibility—we used an instrumental variables
approach to scale the ITT effect by the share of patients
receiving intensive monitoring because of a viral load of
>1,000 copies/mL, estimating a complier average causal
effect (CACE) (14). CACE risk differences and 95% con-
fidence intervals were estimated for each outcome using
2-stage least squares regression. CACE estimates can be
interpreted causally under assumptions of monotonicity and
excludability (14). The monotonicity assumption states that
the threshold rule can affect a patient’s actual treatment
status in only one direction. Relative to the counterfactual
of viral load of ≤1000, having a viral load of >1,000
copies/mL might increase (or have no effect on) chances
of a repeat viral load but cannot decrease chances of a
repeat viral load. This is plausible because it is unlikely
that indication for repeat testing causally reduces chances of
having a repeat test. The excludability assumption requires
that eligibility at the threshold affect outcomes only though
intensive monitoring, measured by the presence of a repeat
viral load.

Sensitivity analyses. In sensitivity analyses (Web
Appendixes 1 and 2), we repeated our analysis using a
400-copies/mL threshold (Web Figures 1–2, Web Tables
1–2), excluded patients’ first viral load tests (Web Table 3),
tested for effect measure modification by CD4 count (Web
Tables 4–6) and clinic size (Web Tables 7–10), replicated our
analysis allowing patients to enter the study only once (Web
Tables 11–12), tested multiple bandwidths (Web Tables 13–
14), and repeated our analysis using Calonico, Cattaneo, and
Titiunik bias–corrected estimates and confidence intervals
(Web Table 15) (22).

Ethical approval

We received ethical approval for the use of deidentified
data with a waiver of consent from the Boston University
Institutional Review Board and the Human Research Ethics
Committee of the University of Witwatersrand.

RESULTS

Our analytical sample included 174,574 patients from
4,264 clinics from 9 South African provinces. The 174,574
patients contributed 191,764 separate first viral load results
between January 2013 and July 2015 (81,271 viral loads
of 1,001–2,500 copies/mL and 110,493 of 400–1,000
copies/mL). Through December 2016, eligible patients
contributed 284,150 CD4 counts and 533,676 viral load
results. The 533,676 viral load results include the separate
“first” tests (units of observation), and the follow-up
tests of interest. See Web Figure 3 for the exclusions
flowchart. Characteristics were balanced around the thresh-
old (Table 1). Median age was 35 years (interquartile range,
28–42), 66% of the sample were women, and median
first CD4 count was 240 cells (interquartile range, 133–
380). Viral load density was smooth across the threshold
(difference in log-density at the threshold = −0.02, 95%
confidence interval (CI): −0.04, 0.01), indicating no evi-
dence of systematic manipulation of the assignment variable
(Figure 3, Web Figure 4).

Adherence to repeat viral load policy

Repeat viral load testing was completed for 72% of
patients with a viral loads of >1,000 copies/mL. Median
time until repeat testing for viral loads of >1,000 copies/mL
was 6.6 months. Approximately one-third of observations
had a repeat test within the strict 6-month interval (data
not shown). Patients with viral loads eligible for repeat
testing (>1,000 copies/mL) were 8.0% (95% CI: 6.2,
9.7) more likely to receive repeat testing within 6 months
than those not eligible (32.8% vs. 24.8%) (Table 2 and
Figure 4). A majority of patients (67%) with viral loads
of >1,000 copies/mL did not receive repeat testing within
the recommend time frame. We explored flexibility of the
6-month cutoff by allowing for +3-month range (e.g., repeat
test within 9 months). With this date range, repeat testing
increased by 12% for all patients, and difference in repeat
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Figure 4. Probability of repeat viral load testing within 6 months
among patients with an elevated viral load in South Africa, 2013–
2015. Probability of receiving a repeat viral load within 6 months
based on viral load values. Risk difference estimated using local
linear regression model with a data-driven optimal bandwidth of 197.6
copies/mL. The risk difference at the threshold of 1,000 copies/mL is
8.0% (95% confidence interval: 6.2, 9.7). Gray dots represent sam-
ple averages within binned viral load values. Black lines represent
polynomial fit of 4.

testing between patients >1,000 copies/mL versus ≤1,000
copies/mL remained approximately 8% (44.9% vs. 37.3%;
risk difference (RD) = 7.6%, 95% CI: 5.6, 9.7).

Eligibility for repeat viral load testing and HIV-related
outcomes

Eligibility for repeat testing (>1,000 copies/mL) was
associated with a 2.9% (95% CI: 0.6, 5.2) increase in reten-
tion at 12 months (Table 2 and Figure 5). No difference was
found for retention at 18 months (RD = 1.6% ,95% CI: −0.8,
4.0) or 24 months (RD = –0.1%, 95% CI: −2.8, 2.5). Eligi-
ble patients were 5.8% (95% CI: 3.0, 8.6) more likely to be
both retained and virally suppressed at 12 months (Figure 5).
A small difference was found for combined retention and
suppression at 18 months (RD = 2.2%, 95% CI: −0.2, 4.6)
but no difference at 24 months (RD = 0.1%, 95% CI: −2.3,
2.5) or for clinic transfers (RD = 0.3%, 95% CI: −1.4, 2.1)
(Table 2). Sensitivity analyses did not meaningfully alter our
conclusions (see Web Tables 1–16).

Eligibility for repeat viral load testing and outcomes
among compliers

Given low adherence to the policy, ITT effects on reten-
tion and suppression substantially underestimate the effect
on patients who actually received the intensive monitoring
indicated by an elevated viral load. CACE estimates indicate
intensive viral monitoring induced by having a viral load
of >1,000 copies/mL increased retention at 12 months by
38.1% (95% CI: 7.7, 68.4) and shared retention and viral
suppression at 12 months by 85.2% (95% CI: 35.9, 100.0)
(Table 2).

DISCUSSION

This study is one of the first to evaluate adherence to South
Africa’s HIV viral load monitoring policy on a national
level. The results demonstrate high rates of repeat testing
after an elevated viral load among HIV patients receiving
care in South Africa’s public-sector health system but low
rates of repeat viral load testing within the stated 6-month
guideline. Having an elevated viral load increased the prob-
ability of a repeat viral load by just 8%. Two-thirds of
patients with elevated viral loads (>1,000 copies/mL) did
not receive repeat testing within 6 months, suggesting that
South African national monitoring guidelines are not being
followed in many cases. Using presence of a repeat viral load
as an indicator of intensive monitoring, we estimated the
impact for patients of actually receiving monitoring under
assumptions of excludability and monotonicity. We found
that intensive monitoring increased the probability of being
retained and virally suppressed 12 months later by 85%.
Therefore, when carried out, guideline-recommended inten-
sive monitoring is effective in improving patient outcomes.

There are a number of patient-, provider-, and institutional-
level barriers that might inhibit timely viral load monitoring
for eligible HIV patients. Even if a patient is indicated
to return for additional monitoring, HIV-related stigma,
transportation issues, migrant labor, or poor patient-provider
communication might prevent patients from returning for
testing. In addition, staffing shortages, power outages, and
lack of provider awareness of the importance of routine
monitoring might also inhibit consistent monitoring (26, 27).

Our findings suggest that patients who are monitored are
more likely to be retained and have resuppression, consistent
with previous evidence from sub-Saharan Africa on viral
load monitoring and clinical outcomes. A randomized trial
from Uganda comparing routine viral load monitoring with
CD4 count monitoring and clinical monitoring found that
patients in the viral load monitoring arm had 70% fewer
AIDS-defining events than those in the clinical monitoring
arm (28). Other work shows that patients enrolled in ART
programs with viral load monitoring are switched to second-
line therapy faster and at higher CD4 counts compared
with those using CD4 count monitoring (29). Our study
demonstrates that “real-world” viral monitoring, if adhered
to, can have positive impacts on viral suppression. While our
findings are identified for patients with viral loads close to
the threshold of 1,000 copies/mL, there is reason to believe
that the behavioral impacts of intensive monitoring (e.g.,
better adherence, switching to second-line therapy) might
be similar for patients at higher viral loads, and benefits of
resuppression might be even greater. Policy guidelines are
only as good as their implementation, and lack of adherence
to the monitoring policy substantially dilutes its impact, as
demonstrated by the discrepancy between the results of our
ITT and CACE analysis. It is likely that increased adher-
ence to the monitoring guidelines would improve patient
outcomes.

Approximately one-quarter of patients with viral loads of
≤1,000 copies/mL received repeat testing within 6 months.
One driver of this finding might be that all patients are
indicated to have a repeat viral load test within 6 months

Am J Epidemiol. 2020;189(12):1492–1501



Viral Load Monitoring in South Africa 1499

Figure 5. Intention-to-treat results of eligibility for repeat viral load (VL) testing in South Africa, 2013–2015. Results from regression discontinuity
analysis of the effect of VL monitoring within 6 months on retention and viral suppression at 12 months. Gray dots represent sample averages
within binned VL values. Black lines represent linear polynomial fits. Plots are generated using data-driven optimal bin lengths and bandwidths
from corresponding regression estimates. A) Probability of retention at 12 months. The risk difference at the threshold of 1,000 copies/mL is 2.9%
(95% confidence interval: 0.6%, 5.2%). Mean bin lengths are 16.5 to the left of the threshold, and 14.1 to the right of the threshold. Bandwidth
is +/− 136 copies/mL. B) Probability of retention and suppression at 12 months. The risk difference at the threshold of 1,000 copies/mL is 5.8%
(95% confidence interval: 3.0%, 8.6%). Mean bin lengths are 6.3 to the left of the threshold, and 6.7 to the right of the threshold. Bandwidth is
+/− 96 copies/mL.

after their first. However, results remained even in sen-
sitivity analyses restricting to patients’ second viral load
test (e.g., only allowing patients to enter the study once at
their viral load was tested a second time) (Web Table 12).
The most plausible explanation for this finding is that viral
loads might be tested but not always used to inform patient
care. For example, providers might have concerns related to
self-reported adherence, symptoms, or treatment resistance,
prompting repeat testing.

Our study has limitations. First, results could be biased
if patients just above and below the threshold of 1,000
copies/mL differed by unobserved covariates that were also
associated with outcomes. However, given random measure-
ment variability in testing assays, it is unlikely that patients
would systematically differ around the threshold. Balance
in observed covariates at the threshold supports our inter-
pretation that the treatment assignment mechanism is “as
good as random” for patients close to the threshold. Second,
the probabilistic matching used to generate the data set is
vulnerable to over- or undermatching, potentially resulting
in over- or underestimation of outcomes. Given the study
design, linkage errors are unlikely to be correlated with
treatment assignment. Third, we relied on laboratory data for
all measures, including retention outcomes. Patients might
receive care without laboratory testing, and so estimates of
retention are likely underestimated. That said, our primary
outcome of “retained and virally suppressed” is measured
similarly to other cohorts. In addition, turnaround time from
blood draw to return of viral load test to the clinic might
result in misclassification of time to repeat testing. This
misclassification is likely nondifferential in that there is little
reason to believe the error would be different for patients
just above and below 1,000 copies/mL. Fourth, it is possible
some patients could receive adherence counseling without a

repeat viral load test. If adherence counseling is the primary
mechanism through which repeat testing affects retention
and suppression, and not all patients that receive adherence
counseling also have a repeat viral load test, then our group
of compliers would be greater than indicated by our data, and
our CACE findings would be overestimated. We explored
this possibility in sensitivity analyses and found that even
if 50% of patients receiving adherence counseling do not
have a repeat viral load test, repeat testing increased the
probability of being retained and virally suppressed at 12
months by 42.6% (Web Table 16).

In conclusion, despite evidence that viral load monitor-
ing improves outcomes, this national policy was not being
followed in South Africa’s public-sector care system for the
majority of patients receiving HIV care between 2013 and
2015. These patients might miss out on adherence interven-
tions and experience delays in diagnosis of treatment failure
and initiation of second-line therapy. With the establishment
of the World Health Organization 90-90-90 strategy, which
aims to see that 90% of all people receiving ART are virally
suppressed by 2020 (30), we might see improvements in
intensive viral load monitoring in the near future.
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