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Background: Viral suppression in patients on antiretroviral 
treatment (ART) is critical to reducing HIV transmission 
and HIV-related mortality. Although many studies have 
evaluated factors associated with viral suppression, few 
have assessed the extent to which missing viral load data 
may bias results.
Methods: We included data on all patients starting ART 
from 2005 to 2019 in eight South African cohorts par-
ticipating in the International epidemiology Databases 
to Evaluate AIDS (IeDEA) collaboration. Multivariable 
logistic regression models were used to determine factors 
associated with having a viral load measurement within 
2 months of a scheduled testing date and having a viral 
load <400 RNA copies/ml (‘viral suppression’). In a sen-
sitivity analysis, missing viral loads were imputed based 
on patients’ clinical and demographic characteristics and 
outcomes.

Results: Viral load tests were scheduled in 603,549 and 
77,423 intervals in adults and children, respectively, but 
test results were recorded in only 40.7% and 41.2%, 
respectively. The proportion of recorded results sup-
pressed was 85.7% in adults and 72.4% in children. 
After imputation of missing viral load measurements, 
viral suppression reduced slightly in adults (85.3%) and 
increased in children (73.2%). Predictors of virological 
suppression in adults, which included female sex, older 
age, higher baseline CD4+ T-cell count and recent testing 
year, were similar in the main analysis and after imputing 
missing viral loads.
Conclusions: Although viral load information was fre-
quently missing in the South African setting, estimates of 
viral suppression and predictors of viral suppression did 
not change substantially after adjusting for missing data.
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Introduction

Monitoring of viral suppression in HIV-positive 
patients on antiretroviral treatment (ART) is important 
both for optimizing patient health and for reducing risk 
of HIV transmission. Mortality and morbidity rates 
in ART patients are critically dependent on viral sup-
pression [1], and viral suppression in ART patients is 
critical to reducing HIV incidence at a population level 
[2,3]. The importance of monitoring viral suppression 
is recognized in the UNAIDS 90-90-90 targets, which 
aim to achieve a 90% level of diagnosis in people living 
with HIV by 2020, with 90% of those diagnosed on 
ART and 90% of those on ART virally suppressed [4]. 
In 2018, an estimated 86% of all ART patients globally 
were estimated to have viral loads of less than 1,000 
RNA copies/ml [5]. Knowledge of the factors associ-
ated with lack of viral suppression is critical to devel-
oping interventions to improve suppression, and many 
previous studies have evaluated these factors [6–9].

However, a major challenge in estimating rates of 
viral suppression is that data are typically missing for 
a substantial proportion of patients. Viral load testing 
coverage (the proportion of ART patients with viral 
load measurements in a specified period) is often low: 
the number of countries that have testing coverage of 
at least 50% increased from only 26 in 2015 to 76 in 
2018 (out of 193 countries) [5]. For 35% of all ART 
patients in 2018, information on viral suppression 
had to be imputed using regional averages, due to low 
(<50%) testing coverage [5]. Even in the countries in 
which reported viral load testing coverage was greater 
than 50%, substantial bias could exist in reported rates 
of viral suppression. Although countries are expected to 
report only on routine viral load testing results, many 
countries have historically taken a ‘targeted’ approach 
to viral load testing in patients who appear to be failing 
treatment, and to the extent that such practices persist, 
viral suppression might be underestimated [5].

Viral load data could be missing for other reasons. 
Many viral load tests are done without results being 
recorded, which can lead to a bias if higher viral loads 
are more likely to be recorded [10]. Patients with 
poorer ART adherence may be less likely to attend 
clinics to receive viral loads at the recommended fre-
quency, or clinicians may delay testing in patients who 
have recently interrupted ART or have an intercurrent 
illness, which may introduce a bias towards over-esti-
mating viral suppression. Testing coverage could itself 
be biased in countries relying on monitoring systems 
that are not based on a unique patient identifier. For 
example, guidelines recommend more frequent viral 
load testing in patients who are failing treatment [11], 
which could – in settings where there is potential dou-
ble-counting of tests conducted in the same patient 

– lead to over-estimation of testing coverage and under-
estimation of viral suppression.

In view of these uncertainties, it is important to assess 
not only the factors associated with viral suppression in 
patients currently on ART, but also the factors associ-
ated with the recording of viral suppression, and the 
potential bias due to missing data. We aim to address 
these questions using data from South Africa, the coun-
try with the largest HIV epidemic in the world. South 
Africa is one of the few countries in the sub-Saharan 
African region to have recommended routine viral load 
testing since the inception of its public ART programme 
in 2004 [12], and therefore has relatively large amounts 
of viral suppression data. South Africa also has several 
well-established ART cohorts, which participate in 
the International epidemiology Databases to Evaluate 
AIDS Southern Africa (IeDEA-SA) collaboration. This 
study makes use of IeDEA-SA data from South African 
cohorts to analyse viral load testing coverage and viral 
suppression, both in adults and children.

Methods

The IeDEA-SA collaboration has been described 
previously [13]. ART cohorts participating in the 
current analysis included the Harriet Shezi, Hlabisa, 
Kheth’Impilo, Khayelitsha, Rahima Moosa, Red Cross 
War Memorial Children’s Hospital (RCWMCH), 
Themba Lethu and Tygerberg cohorts. Participating 
cohorts submitted anonymized data on patients receiv-
ing HIV care to the data centre at the University of 
Cape Town (UCT), where the data were merged and 
cleaned. Ethical approval to collect and share the data 
was obtained by each of the participating cohorts 
(through their local institutional review boards) and 
by the UCT data centre (through the UCT Human 
Research Ethics Committee). With the exception of 
Themba Lethu, all cohorts provided data on children 
(aged less than 15 years), and all but three cohorts 
(Harriet Shezi, Rahima Moosa and RCWMCH) pro-
vided data on adults (Table S1 in Additional file 1).

Patients were included in analyses if they had a 
recorded date of ART initiation in 2005 or later, and 
a censoring date after the date of ART initiation. The 
censoring date was defined as the earlier of the last visit 
date and the date of death. The baseline CD4+ T-cell 
count was defined as the CD4+ T-cell count measured 
closest to the date of ART initiation. Patients were 
excluded if they had missing data on key variables 
(age, sex, baseline CD4+ T-cell count). Patients were 
also excluded if they were virally suppressed prior to 
ART start or (in the case of adults) if they started ART 
on a regimen that did not contain nevirapine or efa-
virenz (as such patients were unlikely to be ART-naive 
at enrolment).
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In accordance with national ART protocols 
[12,14–16], we defined the dates of scheduled viral 
loads at 6 months and 12 months after ART initiation 
and at 12-month intervals thereafter. For the Western 
Cape cohorts (Khayelitsha, RCWMCH and Tygerberg), 
the first scheduled viral load test date was defined as 
occurring 4 months after ART start (this is in line with 
Western Cape guidelines [17], which recommend the 
same frequency of viral load monitoring as national 
guidelines at longer durations). Analyses were limited 
to scheduled testing dates that occurred before the cen-
soring date. Patients were considered to have a miss-
ing viral load if there was no viral load recorded in the 
period between 2 months before and 2 months after 
the scheduled testing date. If multiple viral load results 
were recorded in this period, the earliest measurement 
was taken as the viral load recorded in the testing inter-
val. Patients were considered virally suppressed if their 
viral load was less than 400 RNA copies/ml. Sensitivity 
analyses were conducted to assess the effect of using 
shorter testing intervals (within 1 month before and 
after the scheduled testing date), longer testing intervals 
(within 3 months of scheduled testing in the first year 
of ART, and within 6 months of the scheduled testing 
dates in later years, in line with South African Depart-
ment of Health reporting), and a higher viral suppres-
sion threshold (1,000 RNA copies/ml, in line with 
global reporting guidelines [18]).

Multivariable logistic regression models were used 
to assess predictors of test recording (viral load not 
missing), separately for adults and children. Multi-
variable logistic regression models were used to assess 
predictors of viral suppression, for those intervals 
in which a test result was recorded. In a sensitivity 
analysis, multiple imputation by chained equations 
was used to impute missing viral load values [19]. 
Recorded viral loads were log-transformed before 
imputation, and the imputation model included age, 
sex, baseline CD4+ T-cell count, cohort, non-nucleo-
side reverse transcriptase inhibitor (NNRTI), ART 
duration, year of viral load, indicators of whether the 
scheduled viral load occurred within 2 years of death 
or loss to follow-up (LTFU), viral load in the preced-
ing testing interval and viral load in the subsequent 
testing interval (LTFU was defined as no patient con-
tact for more than 90 days at the time of database 
closure). The multivariable regression models were 
applied to five imputed data sets, and results were 
combined using Rubin’s rules [20]. Further details on 
the multiple imputation are included in section 1 of 
Additional file 1. Additional sensitivity analyses were 
conducted to assess the effect of keeping continuous 
variables (age, ART duration and baseline CD4+ T-cell 
count) continuous rather than treating these variables 
as categorical. Generalized estimating equations were 

used in all regression models to control for multiple 
observations in the same patient. All statistical analy-
sis was conducted using Stata version 15.0 (StataCorp 
Inc., College Station, TX, USA).

Results

In the adult analysis, 603,549 viral load tests were sched-
uled in a total of 117,880 patients (patient characteris-
tics are summarized in Table S2 in Additional file 1). 
However, viral load results were recorded in only 
245,751 (40.7%) of scheduled testing intervals. Factors 
associated with less frequent recording of viral load 
included older age (aOR 0.90 [95% CI: 0.88, 0.92] and 
aOR 0.87 [95% CI: 0.84, 0.90] in age groups 25–49 
and 50+ respectively, compared with 15–24), initiat-
ing ART on a nevirapine-containing regimen (aOR 
0.96, 95% CI: 0.95, 0.98), higher baseline CD4+ T-cell 
count (aOR 0.83 [95% CI: 0.81, 0.83] at CD4+ T-cell 
counts 500 and greater compared with less than 200) 
and longer ART duration (aOR 0.43 [95% CI: 0.41, 
0.44] at durations of 10 years and longer compared 
with 0–3 years after ART initiation; Table 1). However, 
the effects of age, nevirapine use and baseline CD4+ 
T-cell count ceased to be significant when continuous 
variables were kept in the model as continuous covari-
ates (Table S5 in Additional file 1). The frequency of 
recording decreased between 2005–2007 (49.3%) and 
2008–2010 (39.5%), but improved substantially in 
2017–2019 (47.8%). When the scheduled testing inter-
val was defined as being between 1 month before and 
after the scheduled testing date, the fraction of testing 
intervals with a recorded viral load decreased to 31.0%, 
but the fraction increased to 63.3% when using longer 
testing intervals. Factors associated with recording of a 
viral load were similar to those in the main analysis, but 
lower baseline CD4+ T-cell count ceased to be associ-
ated with more frequent recording when using shorter 
intervals (Table S3 in Additional file 1), and shorter 
ART durations and younger age ceased to be associated 
with more frequent recording when using longer inter-
vals (Table S4 in Additional file 1).

Out of 245,571 recorded viral load measurements 
in adults, 210,635 (85.7%) were below 400 RNA 
copies/ml, with rates varying between 78.9% and 
89.1% across ART cohorts. Levels of viral suppression 
declined substantially in the 2010–2011 period, but 
gradually recovered thereafter (Figure 1A). In multivari-
able analysis, factors associated with greater rates of 
viral suppression included female sex (aOR 1.26, 95% 
CI: 1.22, 1.30), older age (aOR 1.75 [95% CI: 1.65, 
1.85] and aOR 2.17 [95% CI: 2.03, 2.33] in age groups 
25–49 and 50+ respectively, compared with 15–24), 
and higher baseline CD4+ T-cell count (aOR 1.81 [95% 
CI: 1.70, 1.92] at CD4+ T-cell counts 500 and greater 
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compared with less than 200), while factors associated 
with lower rates of viral suppression included initiating 
ART on a nevirapine-containing regimen (aOR 0.76, 
95% CI: 0.73, 0.79) and longer ART duration (aOR 
0.71 [95% CI: 0.65, 0.77] at durations of 10 years and 
longer compared with 0–3 years after ART initiation; 
Table 2). When considering a viral suppression thresh-
old of 1,000 RNA copies/ml, the fraction of adults who 
were suppressed increased to 89.6%, but predictors 
of viral suppression were similar to those in the main 
analysis (Table S6 in Additional file 1). Defining the test-
ing interval as being between 1 month before and after 
the scheduled testing date led to only a modest increase 
in viral suppression (86.2%), and little change in the 
predictors of viral suppression (Table S7 in Additional 
file  1). Using a longer testing interval also had little 
effect on viral suppression, except that the effect of ART 
duration was attenuated (Table S8 in Additional file 1).

Viral loads of <400 RNA copies/ml were less com-
mon within 2 years prior to a death (69.5%) and within 
2 years prior to transfer/LTFU (82.8%). Imputation, 
which was based on these outcomes as well as viral load 
measurements at other testing dates and the other vari-
ables listed previously, yielded a slightly lower estimate 

of viral suppression (85.3% compared with 85.7% 
before imputation). In the multivariable analysis of the 
imputed datasets, predictors of viral suppression were 
similar to those in the main analysis, but adjusted odds 
ratios were consistently closer to 1 (Table 2). Imputed 
viral loads were less likely to be below 400 RNA cop-
ies/ml than recorded viral loads when controlling for 
other factors (aOR 0.96, 95% CI: 0.94, 0.98).

In the paediatric analysis, 77,423 tests were sched-
uled in 14,760 children who started ART (patient char-
acteristics are summarized in Table S10 in Additional 
file 1). Test results were recorded in 31,932 (41.2%) 
of scheduled testing intervals, similar to adults. As in 
adults, less frequent recording of viral load was associ-
ated with older age (aOR 0.83 [95% CI: 0.80, 0.87] 
and aOR 0.82 [95% CI: 0.78, 0.86] in age groups 5–9 
and 10–14 respectively, compared with 0–4 years) and 
longer ART duration (aOR 0.64 [95% CI: 0.57, 0.72] 
at durations of 10 years and longer compared with 
0–3 years after ART initiation), and recording in the 
2008–2010 period was significantly less frequent than 
in the 2005–2007 period (aOR 0.70, 95% CI: 0.66, 
0.73; Table 3). When the scheduled testing interval was 
defined as being between 1 month before and after the 

	 Total n	 % VL recorded	 % missing VL	 aORa	 95% CI

Sex					   
Male	 190,465	 41.3	 58.7	 1	
Female	 413,084	 40.5	 59.5	 1.01	 1.00, 1.02

Age group					   
15–24	 28,840	 44.5	 55.5	 1	
25–49	 494,653	 40.8	 59.2	 0.90	 0.88, 0.92
50+	 80,056	 39.1	 60.9	 0.87	 0.84, 0.90

NNRTI component					   
Efavirenz	 495,530	 41.6	 58.4	 1	
Nevirapine	 108,019	 36.8	 63.2	 0.96	 0.95, 0.98

Baseline CD4+ T-cell count					   
<200 cells/µl	 343,843	 40.3	 59.7	 1	
200–349 cells/µl	 150,750	 41.7	 58.3	 0.97	 0.96, 0.98
350–499 cells/µl	 58,253	 42.5	 57.5	 0.94	 0.93, 0.96
500+ cells/µl	 50,703	 38.4	 61.6	 0.83	 0.81, 0.84

Years since ART initiation	 				  
0–3	 381,139	 45.7	 54.3	 1	
4–6	 141,621	 32.3	 67.7	 0.52	 0.52, 0.53
7–9	 61,059	 31.4	 68.6	 0.45	 0.44, 0.46
10+	 19,730	 34.2	 65.8	 0.43	 0.41, 0.44

Year of scheduled VL test	 				  
2005–2007	 32,994	 49.3	 50.7	 1	
2008–2010	 103,677	 39.5	 60.5	 0.75	 0.73, 0.77
2011–2013	 179,436	 40.0	 60.0	 0.89	 0.86, 0.91
2014–2016	 186,939	 36.7	 63.3	 0.93	 0.91, 0.96
2017–2019	 100,503	 47.8	 52.2	 1.64	 1.59, 1.69

Table 1. Recording of viral loads in adults on ART in South Africa, 2005 to 2019

aAdjusted odds ratio (aOR) for a recorded viral load (VL) controlling for antiretroviral treatment (ART) cohort and other explanatory variables shown. NNRTI, non-
nucleotide reverse transcriptase inhibitor. 
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Figure 1. Viral suppression trends in antiretroviral treatment patients

Dashed line represents the UNAIDS 90% target. VL, viral load. 

		  	 Model 1 (no imputation)	 Model 2 (with imputation)
	 Total n	 Suppressed, % 	 aORa	 95% CI	 aORa	 95% CI

Sex						    
Male	 78,612	 83.8	 1		  1	
Female	 167,139	 86.6	 1.26	 1.22, 1.30	 1.24	 1.21, 1.26

Age group						    
15–24	 12,826	 80.7	 1		  1	
25–49	 201,649	 85.8	 1.75	 1.65, 1.85	 1.58	 1.51, 1.65
50+	 31,276	 87.4	 2.17	 2.03, 2.33	 2.03	 1.93, 2.14

NNRTI component						    
Efavirenz	 205,996	 86.1	 1		  1	
Nevirapine	 39,755	 83.6	 0.76	 0.73, 0.79	 0.80	 0.78, 0.83

Baseline CD4+ T-cell count						    
<200 cells/µl	 138,693	 83.3	 1		  1	
200–349 cells/µl	 62,849	 87.9	 1.37	 1.33, 1.43	 1.29	 1.25, 1.33
350–499 cells/µl	 24,749	 89.8	 1.57	 1.48, 1.66	 1.50	 1.44, 1.56
500+ cells/µl	 19,460	 91.0	 1.81	 1.70, 1.92	 1.76	 1.67, 1.85

Years since ART initiation						    
0–3	 174,174	 86.6	 1		  1	
4–6	 45,680	 83.5	 0.85	 0.82, 0.87	 0.89	 0.86, 0.91
7–9	 19,159	 83.5	 0.80	 0.76, 0.84	 0.82	 0.79, 0.86
10+	 6,738	 84.0	 0.71	 0.65, 0.77	 0.76	 0.70, 0.81

Year of viral load test						    
2005–2007	 16,278	 88.6	 1		  1	
2008–2010	 40,990	 87.2	 0.86	 0.81, 0.91	 0.88	 0.83, 0.92
2011–2013	 71,849	 81.2	 0.51	 0.48, 0.54	 0.67	 0.64, 0.71
2014–2016	 68,581	 86.0	 0.70	 0.65, 0.74	 0.80	 0.76, 0.84
2017–2019	 48,053	 89.8	 0.94	 0.88, 1.02	 0.94	 0.89, 1.00

Table 2. Viral suppression in adults on ART in South Africa, 2005 to 2019

aAdjusted odds ratio (aOR) controlling for antiretroviral treatment (ART) cohort and other explanatory variables shown. NNRTI, non-nucleotide reverse transcriptase 
inhibitor. 
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scheduled testing date, the fraction of testing intervals 
with a recorded viral load decreased to 29.9%, but the 
fraction increased to 63.1% when using longer testing 
intervals. Factors associated with recording of a viral 
load were similar to those in the main analysis, except 
that longer ART durations were associated with higher 
frequency of viral load recording when using longer 
testing intervals (Tables S11 and S12 in Additional 
file 1).

Of the 31,932 recorded viral load results in chil-
dren, 23,106 (72.4%) were below 400 RNA copies/ml, 
with rates of suppression varying between 41.3% and 
79.3% across cohorts. Viral suppression was highest in 
the period before 2010, then declined substantially in 
2010–2011, with little change thereafter (Figure 1B). In 
multivariable analysis, rates of viral suppression were 
highest in children aged 5–9 years (aOR 1.87 [95% CI: 
1.73, 2.02] compared with ages 0–4), at longer ART 
durations (aOR 1.40 [95% CI: 1.23, 1.58] 7–9 years 
after ART initiation compared with 0–3 years after 
ART initiation), and in the period up to 2010 (Table 4). 
The fraction of children who were virally supressed 
increased to 77.9% when using a threshold of less than 
1,000 RNA copies/ml to define viral suppression, but 
in all sensitivity analyses, predictors of viral suppres-
sion were similar to those in the main analysis (Tables 
S14–S17 in Additional file 1). When missing viral loads 
were imputed, the overall fraction virally suppressed 
increased (73.2% compared with 72.4% before impu-
tation), although imputed values (when controlling for 
other variables) yielded similar probabilities of viral 
suppression compared to recorded values (aOR 1.01, 

95% CI: 0.97, 1.05). Predictors of viral suppression, 
when analysed using the imputed data, were similar to 
those in the main analysis (Table 4).

Discussion

In our sample of adult South African ART cohorts, 
rates of viral suppression were generally high, with the 
90% UNAIDS target being met in all years from 2015 
to 2018 (Figure 1A). However, viral suppression in ear-
lier years was inconsistent, with a notable dip in 2010–
2011, and a gradual recovery thereafter. Although the 
rates of viral suppression in adults are encouraging, 
levels of viral suppression were substantially lower in 
children.

The reasons for the changes in viral suppression over 
time are unclear. The dip in 2010–2011 may have been 
due to a change in the assay used to measure viral load 
(from the NucliSENS EasyQ assay [21] to the Cobas 
Ampliprep-Cobas TaqMan [22], which have slightly 
different performance characteristics [23]). The dip in 
2010–2011 could also have been due to changes in test 
turn-around times, with significant reductions in turn-
around times being observed in the Western Cape in 
2010, which correlated with reductions in viral sup-
pression [24]. The increase in viral suppression after 
2013 might have been driven by the introduction of 
fixed-dose combination (FDC) ART in 2013, which is 
generally associated with better adherence [25], and the 
partial resolution of supply-chain problems, which had 
resulted in particularly serious drug stock-out problems 
in 2012–2013 [26–28]. Drug resistance, a major driver 

	 Total n	 % VL recorded	 % missing VL	 aORa	 95% CI

Sex					   
Male	 38,760	 41.4	 58.6	 1	
Female	 38,663	 41.1	 58.9	 0.99	 0.95, 1.02

Age group					   
0–4	 19,599	 48.8	 51.2	 1	
5–9	 28,664	 39.5	 60.5	 0.83	 0.80, 0.87
10–14	 29,160	 37.9	 62.1	 0.82	 0.78, 0.86

Years since ART initiation	 				  
0–3	 49,234	 45.5	 54.5	 1	
4–6	 18,220	 33.2	 66.8	 0.68	 0.65, 0.71
7–9	 7,787	 35.1	 64.9	 0.71	 0.67, 0.76
10+	 2,182	 35.3	 64.7	 0.64	 0.57, 0.72

Year of scheduled VL test	 				  
2005–2007	 8,922	 52.4	 47.6	 1	
2008–2010	 22,822	 41.2	 58.8	 0.70	 0.66, 0.73
2011–2013	 23,893	 38.2	 61.8	 0.74	 0.70, 0.79
2014–2016	 15,893	 39.1	 60.9	 0.93	 0.87, 1.00
2017–2019	 5,893	 42.7	 57.3	 1.27	 1.17, 1.38

Table 3. Recording of viral loads in children on ART in South Africa, 2005 to 2019

aAdjusted odds ratio (aOR) for a recorded viral load (VL) controlling for antiretroviral treatment (ART) cohort and other explanatory variables shown. 
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of virological failure, appeared to increase in the period 
up to 2013–2014 and then stabilize/decline [29], which 
might also partly explain the observed trends in viral 
suppression.

The low rates of viral suppression in children are 
consistent with levels of viral load prior to ART ini-
tiation being higher in children than in adults [13], 
especially in the first year of life [30,31]. Although viral 
suppression in children dropped substantially in the 
2010–2011 period, the gradual increase in viral sup-
pression observed in adults after 2011 was not seen in 
children. This might be because FDCs are not available 
in children to the same extent as in adults (especially in 
younger children, in whom dosing is weight-dependent), 
and thus the FDC introduction in 2013 would not have 
benefited children to the same extent as adults. The drop 
in viral suppression in 2010 may also be partly due to 
the replacement of stavudine with abacavir, which has 
been associated with poorer viral suppression in South 
African children [32]. As in a recent analysis of global 
IeDEA data [6], we found that viral suppression was 
poorest in children under the age of 5 years, a reflection 
of the higher baseline viral loads in this age group.

Consistent with several previous studies [7,33,34], 
we also found substantially higher rates of viral sup-
pression in women than in men (aOR 1.24). This may 
in part be due to biological differences; even in the 
absence of ART, HIV-positive men tend to have higher 
levels of viraemia than women [35,36]. However, the 
differences may also be attributable to behavioural 
factors; a recent meta-analysis found that the odds of 

non-adherence were on average 1.73 times greater in 
men than in women [37]. Further research is required 
to identify interventions to improve ART adherence 
in men. Our results are also consistent with previous 
studies that have shown poor virological suppression 
to be associated with younger age [6,8,38], use of nevi-
rapine instead of efavirenz [39], and lower baseline 
CD4+ T-cell count [6,8,9,40]. There is a clear need for 
enhanced adherence support in younger ART patients 
and patients starting ART at lower CD4+ T-cell counts.

A novel feature of this analysis is that we have used 
multiple imputation to address the problem of miss-
ing viral load data. Since viral loads are strongly asso-
ciated with clinical and demographic factors, as well 
as with outcomes such as death and LTFU, and since 
successive viral load measurements might be expected 
to be correlated, imputation is a useful and feasible 
approach. Our analysis suggests that imputed viral 
loads differ only slightly from actual viral loads, and 
thus the change in estimated rates of viral suppression 
when using imputed data is relatively modest (slightly 
lower in adults and slightly higher in children). This 
is reassuring, as it suggests that in settings similar to 
ours, suppression estimates may be reasonably reli-
able, despite infrequent recording of viral loads. Pre-
vious studies in resource-limited settings have yielded 
inconsistent findings regarding the bias introduced by 
missing viral load data, but most of these studies are 
of limited relevance here because they were conducted 
prior to routine virological monitoring [34,41]. The 
only study we are aware of that assessed bias in the 

	 		  Model 1 (no imputation)	 Model 2 (with imputation)
	 Total n	 Suppressed, %	 aORa	 95% CI	 aORa	 95% CI

Sex						    
Male	 16,054	 72.2	 1		  1	
Female	 15,878	 72.6	 1.03	 0.96, 1.09	 1.02	 0.98, 1.07

Age group						    
0–4	 9,555	 66.1	 1		  1	
5–9	 11,330	 79.5	 1.87	 1.73, 2.02	 1.48	 1.40, 1.56
10–14	 11,047	 70.5	 1.20	 1.11, 1.31	 1.23	 1.16, 1.31

Years since ART initiation						    
0–3	 22,381	 72.4	 1		  1	
4–6	 6,049	 72.4	 1.09	 1.00, 1.18	 1.14	 1.08, 1.21
7–9	 2,731	 72.6	 1.40	 1.23, 1.58	 1.45	 1.33, 1.58
10+	 771	 69.0	 1.39	 1.12, 1.71	 1.64	 1.42, 1.91

Year of viral load test						    
2005–2007	 4,676	 77.6	 1		  1	
2008–2010	 9,392	 78.2	 1.00	 0.92, 1.10	 0.90	 0.83, 0.98
2011–2013	 9,127	 66.9	 0.54	 0.49, 0.59	 0.58	 0.53, 0.64
2014–2016	 6,221	 68.0	 0.54	 0.48, 0.60	 0.52	 0.47, 0.58
2017–2019	 2,516	 71.5	 0.58	 0.50, 0.67	 0.49	 0.43, 0.56

Table 4. Viral suppression in children, 2005 to 2019

aAdjusted odds ratio (aOR) controlling for antiretroviral treatment (ART) cohort and other explanatory variables shown.
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context of routine virological monitoring found overall 
estimates of viral suppression were relatively insensi-
tive to adjustment for incomplete data [10], consistent 
with our findings.

The testing coverage of around 40% in our study is 
nevertheless a major concern, and improved recording of 
test results needs to be prioritized [10]. Multiple imputa-
tion may fail if there are unmeasured factors affecting 
missingness and those factors are also correlated with 
the outcome of interest. The factors affecting missing-
ness are also likely to differ across settings, and the low 
levels of bias suggested in our analysis might therefore 
not be generalizable to other settings. Previous studies 
have found little consistency in the correlates of viral 
load recording [10,42,43], and our results suggest that 
some of this inconsistency may be due to differences in 
the way ‘missing’ values are defined (the time period in 
which values are not recorded) as well as differences in 
the regression model specification (for example, specify-
ing explanatory variables as continuous or categorical). 
The 1- and 2-month intervals before and after the sched-
uled testing date may be inappropriate in determining 
when viral loads are considered ‘recorded’, particularly 
at longer ART durations, when decisions about when 
to conduct a test are more likely to be based on factors 
such as time since last test and desire to ‘batch’ viral load 
testing, rather than the time since ART initiation.

A limitation of this analysis is that the IeDEA South 
African cohorts are not representative of the public 
sector ART programme in South Africa in terms of 
viral suppression. Although viral load testing cover-
age in the national programme has been similarly 
low (around 40–50% over the period up to 2014 
[44]), rates of viral suppression have consistently been 
around 1–5% lower than the rates estimated here [44]. 
In a national household survey conducted in 2017, the 
proportion of treated adults who had a viral load of 
less than 1,000 RNA copies/ml was 87.4% [45], lower 
than our corresponding estimate in 2017 (92.4%; Fig-
ure 1A). This suggests that the IeDEA-SA cohorts may 
have more resources for patient adherence support 
or may be catering to a different socio-demographic 
patient mix, when compared with other public-sector 
ART services.

In addition, these results may not be generalizable 
to other African settings, especially those in which 
routine viral load testing is not well-established. 
Other limitations include the lack of data on psy-
chosocial factors that might be expected to influ-
ence viral suppression, such as alcohol abuse [37], 
depression  [37], migration  [46], and exposure to 
intimate partner violence  [47] and other forms of 
violence [48]. We have also not been able to measure 
adherence and treatment interruptions, which are also 
important determinants of viral suppression [38,49].

A strength of the IeDEA data is that they are drawn 
from well-established research cohorts that have been 
collecting viral load data since the inception of the ART 
programme in South Africa. In more recently established 
monitoring systems, the interpretation of viral load data 
may be more challenging. In particular, monitoring sys-
tems that do not link records in the same patient are 
at significant risk of under-estimating viral suppression 
due to the more frequent monitoring of patients who 
experience virological failure. Unique patient identifiers 
are critical to reducing this selection bias, and individ-
ual-based monitoring systems need to be prioritized in 
order to evaluate viral suppression more reliably.

In conclusion, the 90% viral suppression target is 
well within reach in the South African adult ART popu-
lation, but the target is unlikely to be met in children. 
Although missing viral load data is a concern, esti-
mates of viral suppression and predictors of viral sup-
pression do not appear to be sensitive to missing data 
corrections.
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