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a�er ART initiation, and because patients may have multiple 
records, it is di�cult to make inferences from these unlinked 
CD4 data about the prevalence of advanced HIV among 
patients seeking�care.

�e aim of this study was to assess the distribution of ART-
naive patients presenting with advanced and very advanced 
HIV disease, as indicated by a CD4 count <200 cells/µL and 
<100 cells/µL, respectively, and identify changes in distribution 
patterns over the last 10�years of scale-up of�care.

METHODS

The NHLS, being the sole provider of CD4 testing for the South 
African�public sector since the onset of the HIV program, per-
formed >3 million tests per year through a network of between 50 
and 60 CD4 testing laboratories. These CD4 laboratory data can 
provide insights into the immunological status of patients in HIV 
care and can be used to identify trends and changes in the prev-
alence of advanced HIV disease over time. Historically, in the 
absence of a unique patient identifier, specimen-based laboratory 
data has been largely unable to differentiate between CD4 testing 
among those starting ART and those already on ART and being 
monitored during follow-up. We linked CD4 count and viral load 
monitoring tests taken from 1 April 2004 to 31 December 2016 
using probabilistic linking methods adapted from the Fellegi-
Sunter method [18, 19], based upon patient characteristics: name, 
surname, birth date, gender, facility, and province. We calculated 
a similarity score for each test as a weighted average over com-
ponent scores, with weights optimized using manually matched 
training data taking into account the response frequency (rare 
elements are weighted more than common ones), adjusting for 
spelling differences in names using the Jaro-Winkler approach 
[18, 20], and inversions in names, and date elements. Compared 
against a manually matched gold standard, we found a sensitivity 
of 91.0% (ie, 9.0% undermatching) and positive predictive value 
of 90.5% (ie, 9.5% overmatching). Our primary outcome was 
entry into HIV clinical care as defined by a patient’s first CD4 
count. To ensure that the CD4 tests included in the analysis were 
taken prior to ART initiation, we excluded patients who had 
either (1) a viral load test earlier than 30�days before the first CD4 
test regardless of the viral load result or (2) a suppressed viral load 
result (<1000 copies/mL) within 30�days prior or 60�days after the 
first CD4 count�test.

We included all patients aged ≥15�years as CD4 tests were less 
consistently used to determine treatment eligibility in the pedi-
atric population and were considered to be a poor indicator of 
entry into care. We only included patients from the province of 
KwaZulu-Natal (KZN) from 1 July 2011 onward as the province 
did not start contributing tests to the NHLS until the second 
quarter of�2010.

We estimated numbers and proportions of patients with 
�rst CD4 counts of <100 cells/µL and 100–199 cells/µL for 

12-month periods from 1 January 2005 to 31 December 2016. 
We calculated relative risk and 95% con�dence intervals (CIs) 
to show di�erences in the proportion of patients presenting 
with advanced disease by sex. All analysis was conducted using 
SAS version 9.4 so�ware (SAS Institute, Cary, North Carolina).

RESULTS

People Living With HIV Entering Care From 2005 to�2016

The probabilistic linking method yielded an estimated total 
number of adults (males and females >15� years) with a first 
CD4 test to be 8 036 919 (Table�1). The number of patients with 
a first CD4 increased steadily from 344 189 in 2005 to a peak of 
903 118 in 2012 and then declining to 654 868 in 2016. Of the 
total number of patients entering care from 2005 to 2016, 65% 
were females.

Proportion of Adults Entering Care With Advanced Disease

From 2005 to 2016, the proportion of patients with a CD4 count 
of <200 cells/µL entering into care declined from 46.6% to 
32.9% (Figure�1). However, from 2012 to 2016 the proportion of 
patients presenting with advanced HIV�disease remained rela-
tively unchanged and ranged from 34.8% to 32.9%. The pro-
portion of patients presenting with very advanced HIV�disease 
(CD4�<100 cells/µL) fell from 27.7% in 2005 to 18.1% in 2011, 
but has remained unchanged over the last 5� years, at 16.8% 
in�2016.

Proportion of Advanced HIV Disease Among Males and Females

Between 2005 and 2016, the proportion of males presenting with 
advanced disease was consistently higher than the proportion of 
females presenting with advanced disease. However, the share 
presenting with advanced disease also fell faster for females over 
this period. Among males seeking care, the share with CD4�<200 
cells/µL fell just 11 percentage points, from 54.3% in 2005 to 
42.3% in 2016. In contrast, among women seeking care, the 
share with CD4�<200 cells/µL fell by 16 percentage points, from 
42.8% in 2005 to 26.5% by 2016 (Figure�2), the male–female gap 
widening by nearly 50%. From 2012 to 2016, the proportion of 
all males with a first CD4�<100 cells/µL was close to double that 
among females with CD4�<100 cells/µL (Figure�2). The relative 
risk of males presenting with a first CD4 count of <100 cells/
µL was 1.27 (95% CI, 1.26–1.28) in 2005 and has increased to 
1.59 (95% CI, 1.58–1.61) in 2016 (Table�1). The excess burden of 
advanced and very advanced disease among males (vs females) 
was apparent in all age groups in 2016 (Figure�3).

DISCUSSION

The number of people receiving ART through the South African 
national HIV program has increased 30-fold, from 103 300 
in 2005 to 3.8 million in 2016 [1]. Since the inception of the 
program, CD4 counts have been provided nationally, initially 
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to guide treatment initiation decisions, as per World Health 
Organization guideline thresholds, and more recently to iden-
tify those with advanced HIV�disease and therefore at higher 
risk for morbidity, mortality, and with greater medical�need.

We found that while the proportion of patients presenting 
with advanced HIV disease has declined over the 12�years, it 
has remained unchanged over the last 5�years, with more than a 
third of patients entering care with a CD4 cell�count <200 cells/

Figure�2. Proportion of males and females presenting to care with advanced and very advanced HIV disease from 2005 to 2016 (CD4 values presented as cells/µL).

Figure�1. Proportion of patients entering care with advanced and very advanced HIV disease (first CD4 count test <100 and 100–199 cells/µL).
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been probabilistically linked with acceptable level of sensitivity 
and speci�city. Still, linkage errors may have occurred, which 
could lead us to over- or underestimate the numbers of patients 
seeking care. We note that our estimate of >8 million patients 
includes all patients who presented to the public-sector HIV 
program and had blood drawn for a CD4 count, regardless of 
whether they were linked to further care and treatment. Our 
data also include patients who sought care in the early years 
of the program and may no longer be alive. We acknowledge 
that some contribution to the sex disparities likely originated 
from pregnant females, who have had additional opportuni-
ties to access care and be o�ered early HIV testing. However, 
estimates from a multicenter cohort study of adult patients ini-
tiating ART in South Africa reported only 7% of females to 
be pregnant [31]. Correction for this source of bias was not 
possible because the pregnancy status is not available in the 
NHLS database. Finally, our analysis was limited to �rst time 
care-seekers and did not assess the burden of advanced HIV 
disease among patients who have started ART, disengaged 
from care, and subsequently returned to care when they are 
sick. �erefore, our results are likely partial estimates of the 
total burden of advanced HIV disease in South Africa.

In conclusion, these findings show an enduring and sub-
stantial burden of advanced HIV disease, despite a period 
of intense scale-up of ART access. In addition to promoting 
earlier care-seeking, there is a continued need to be able to 
identify patients with advanced HIV� disease and to target 
this population with an appropriate package of care and 
services to address the high risk of morbidity and mortal-
ity they face, as recently recommended by the World Health 
Organization.
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