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ABSTRACT

Purpose South Africa’s National Health Laboratory
Service (NHLS) National HIV Cohort was established in

2015 to facilitate monitoring, evaluation and research

on South Africa’s National HIV Treatment Programme. In
South Africa, 84.8% of people living with HIV know their
HIV status; 70.7% who know their status are on ART; and
87.4% on ART are virologically suppressed.

Participants The NHLS National HIV Cohort includes the
laboratory data of nearly all patients receiving HIV care in
the public sector since April 2004. Patients are included

in the cohort if they have received a CD4 count or HIV
RNA viral load (VL) test. Using an anonymised unique
patient identifier that we have developed and validated

to linked test results, we observe patients prospectively
through their laboratory results as they receive HIV care
and treatment. Patients in HIV care are seen for laboratory
monitoring every 6—12 months. Data collected include age,
sex, facility location and test results for CD4 counts, VLs
and laboratory tests used to screen for potential treatment
complications.

Findings to date From April 2004 to April 2018,

63 million CD4 count and VL tests were conducted at
5483 facilities. 12.6 million unique patients had at least
one CD4 count or VL, indicating they had accessed HIV
care, and 7.1 million patients had a VL test indicating they
had started antiretroviral therapy. The creation of NHLS
National HIV Cohort has enabled longitudinal research on
all lab-monitored patients in South Africa’s national HIV
programme, including analyses of (1) patient health at
presentation; (2) care outcomes such as ‘CD4 recovery’,
‘retention in care’ and ‘viral resuppression’; (3) patterns of
transfer and re-entry into care; (4) facility-level variation in
care outcomes; and (5) impacts of policies and guideline
changes.

Future plans Continuous updating of the cohort,
integration with available clinical data, and expansion

to include tuberculosis and other lab-monitored
comorbidities.

INTRODUCTION

South Africa has the largest HIV treatment
programme in the world, with over 4.7 million
people currently on antiretroviral therapy
(ART).! It also has the largest number of
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= Large size and scope—all public-sector patients in
South Africa.

= We are able to explore outcomes without the prob-
lem of silent transfers.

= The cohort contains patient data prior to the initia-
tion of antiretroviral therapy: essential for assessing
the impact of policy changes on outcomes both be-
fore and after treatment.

= It is limited to laboratory results with limited demo-
graphic information and no clinical visit or pharmacy
information.

= The laboratory data does not have a unique patient
identifier, and the matching techniques we use are
not perfect and lead to both overmatching and un-
dermatching of patient records, which potentially
could lead to biased findings.

people living with HIV (PLHIV) but not
yet on ART, an estimated $million people.'
Based on the fifth South African national
HIV serobehavioural survey conducted in
2017, 84.8% of PLHIV were aware of their
status; 70.7% of those who know their HIV
status were on ART; and 87.4% of those on
ART were virologically suppressed.” With
such high stakes, it is critical to evaluate the
impact of the ART programme and improve
outcomes nationally.

South Africa’s National Health Laboratory
Service (NHLS) National HIV Cohort was
established to facilitate monitoring, evalua-
tion and research on South Africa’s national
HIV care and treatment programme. The
NHLS National HIV Cohort includes the
laboratory data of nearly all patients receiving
HIV care in the public sector since 2004.
Using an anonymised unique patient identi-
fier that have we developed and validated, we
can follow up patients longitudinally through
their laboratory results as they progress
through the HIV care and treatment cascade.
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This open, prospective cohort can be used to evaluate
changes in HIV treatment guidelines, to assess trends in
patient outcomes across space and time, to determine
patterns of patient transfer and to identify areas where
outcomes lag behind.

South Africa has conducted a series of five national
population-based HIV biomarker surveys since 2002,
and a large number of HIV treatment cohorts have been
established in South Africa. Analyses of these surveys
and cohorts have contributed to our knowledge of HIV
treatment outcomes.”* However, the national surveys
are only conducted every 4 or 5 years, and the existing
cohorts, while continuous, also have some drawbacks:
they are not nationally representative, and most are in
urban areas and reflect long-standing research collabo-
rations that have resulted in better-than-average patient
care. Further, existing cohorts do not systematically track
patients lost to follow-up in order to assess re-engagement
in care. TIER.net, the country’s HIV patient monitoring
platform, is national in scope but has limited ability to
track patients across sites."” While collecting data on
all patients with HIV nationally would be prohibitively
expensive as a research endeavour, routine laboratory
data collected in South Africa’s HIV programme can be
leveraged to construct a cohort for monitoring, evalua-
tion and research.'* '’

Since the beginning of the national HIV care and
treatment programme, NHLS provided nearly all labo-
ratory testing for the public-sector programme (with

the exception of KwaZulu Natal Province, which was not
fully integrated into NHLS until April 2010). Laboratory
testing has been used for CD4 and viral load (VL) moni-
toring, for confirmatory HIV diagnostic testing and for
identifying potential ART complications and contraindi-
cations. Specimens for testing are collected from patients
at their care facility and sent to 1 of 16 laboratories for
processing and testing. Results are generated by testing
instruments in real time and sent to the NHLS Corpo-
rate Data Warehouse (CDW), which manages the distri-
bution of results in real time. All laboratory test results
are maintained within the CDW. All NHLS HIV labs are
accredited by the South African National Accreditation
System. The NHLS supports the labs with training, site
visits and on-site audits. Standard operating procedures
have been developed and distributed to ensure standard-
isation across testing facilities. Laboratory performance
on test volumes and turn-around times are routinely
monitored.'®

The NHLS National HIV Cohort has advantages over
clinical cohorts. First, the data come directly from the
source testing platforms and are less vulnerable to data
entry errors that occur when extracting patient charts
into databases. Second, the data are lower cost as they are
collected for routine patient care. Third, the cohort offers
a system-wide perspective on the national programme in
which transfers, drop-out and re-entry into care can be
observed, enabling evidence generation around national
policy decisions. Fourth, the dataset size means that

Table 1 Sex and age of patients entering into HIV care from May 2004 to April 2018

May 2004-April 2008 May 2008-April 2013 May 2013-April 2018 May 2004-April 2018

Parameter (% (n)) (n=2 042 315)

(n=5 752 084)

(n=4 809 580) (n=12 603 979)

Male 31.4 (641 534) 32.4 (1 864 287) 36.2 (1 741 698) 33.7 (4 247 519)
Female 66.3 (1 354 605) 65.9 (3 792 924) 61.6 (2 962 984) 64.3 (8 110 513)
Unknown 2.3 (46 176) 1.6 (94 873) 2.2 (104 898) 2.0 (245 947)
Age group (years)
0-4 3.5 (71 011) 2.8 (162 706) 2.3 (111 735) 2.7 (345 452)
5-9 1.4 (28 358) 1.4 (78 910) 1.0 (49 771) 1.2 (157 039)
10-14 0.6 (11 889) 1.0 (60 280) 1.1 (54 329) 1.0 (126 498)
15-19 2.8 (57 167) 3.8 (216 482) 4.4 (211 731) 3.9 (485 380)
20-24 11.2 (229 680) 11.5 (662 334) 11.5 (551 815) 11.5 (1 443 829)
25-29 17.7 (360 484) 16.8 (965 872) 15.6 (751 784) 16.5 (2 078 140)
30-34 18.3 (374 633) 15.9 (917 420) 15.7 (755 664) 16.2 (2 047 717)
35-39 14.1 (287 302) 13.3 (763 369) 12.4 (597 389) 13.1 (1 648 060)
40-44 9.9 (202 827) 9.2 (530 075) 9.3 (448 095) 9.4 (1180 997)
45-49 6.4 (131 450) 6.5 (375 617) 6.4 (310 034) 6.5 (817 101)
50-54 3.9 (79 764) 4.2 (242 140) 4.6 (221 419) 4.3 (543 323)
55-59 2.0 (41 344) 2.5 (144 966) 3.0 (144 236) 2.6 (330 546)
60-64 0.9 (17 757) 1.3 (73 998) 1.8 (85 267) 1.4 (177 022)
65+ 0.4 (8772) 0.6 (33 536) 0.8 (40 675) 0.7 (82 983)

Age is age at first entry into HIV care—at first CD4 or first viral load test.
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Figure 1

Location of health facilities providing HIV VL tests from 1 May 2017 to 30 April 2018. A total of 4839 facilities in the

National Health Laboratory Service database provided HIV VL tests during the time period of 1 May 2017-30 April 2018. A total
of 4751 had valid longitude and latitude values and are represented in this map. Each asterisk represents one facility. VL, viral

load.

evaluations are robust and can be used to compare facil-
ities, geographical areas and demographic subgroups.
Fifth, because the data reflect all lab-monitored patients
with HIV receiving care in the public sector, the cohort
reflects public-sector care-seeking patterns.

COHORT DESCRIPTION

Participants in the cohort

The NHLS National HIV Cohort includes all patients
presenting for HIV care or treatment and receiving CD4
and/or HIV VL monitoring at nearly all government
health facilities in South Africa, from April 2004 to April
2018. During this period, 63million CD4 and VL tests
were conducted at 5483 facilities.

A longitudinal cohort requires a patient identifier
in order to follow up patients over time. National ID
numbers were only available for 2% of the specimens.
However, the database contained sufficient informa-
tion to link laboratory records to individual patients
using probabilistic matching techniques. We developed
a record linkage algorithm to identify unique patients
in the NHLS database, combining elements of proba-
bilistic linkage approaches with concepts from network
analysis.'” " The methodology is reported in detail
elsewhere.”’ In the absence of a true gold standard, we
constructed manually coded datasets for training and vali-
dation. We manually reviewed 58905 candidate matches
of 1000 randomly sampled laboratory records. Relative
to these manually coded data, the algorithm had 93.7%

sensitivity, indicating that the algorithm identified all but
6.3% of true matches. The algorithm had 98.6% positive
predictive value, indicating that just 1.4% of algorithm-
assigned matches were incorrect. Additionally, for those
specimens linked to a national ID number, the algo-
rithm correctly identified pairs of records with the same
national ID number with 98.5% sensitivity. No linkage is
perfect. For example, patients may present to clinics with
different names and dates of birth, in which case linkage
would be impossible. However, we developed a high-
performing linkage approach using the available data in
the NHLS database. By creating a validated patient identi-
fier, the linkage enabled analysis of the NHLS database as
an HIV cohort. The cohort was deidentified after linkage,
and all analyses are conducted using anonymised data.

Our record linkage of the CDW data was conducted on
152.5million total laboratory results including 63 million
CD4 counts and VL from April 2004 through April
2018. The algorithm assigned these laboratory results to
12603979 unique patients with at least one CD4 count
or VL, indicating that these individuals had accessed HIV
care. Table 1 shows the demographics of the cohort. The
cohort was 64.3% female, 33.7% male and 2.0% unknown
gender. The majority of individuals were 20-49 years
old (8.4% had an unknown date of birth), with patients
entering the cohort at a median age of 32 years (IQR
25-41 years). In the most recent 12 months of the cohort,
patients with HIV had laboratory tests at 4751 facilities
within South Africa (figure 1).
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Table 2 Number of patients entering into HIV care, receiving first HIV VL test, on ART and HIV VL suppressed by 12 month

period from May 2004 to April 2018

Percent HIV VL

Year (12month period Patients entering into Patients receiving first suppressed out of all
from May 1 to April 30) HIV care (n)* HIV VL test (n)t Patients on ART (n)f VL tests§
2004-2005 118829 27937 24208 31.1
2005-2006 219942 111865 120796 39.4

2006-2007 302510 176979 272078 43.4
2007-2008 344935 223188 420542 50.3

2008-2009 410563 283929 609729 55.4
2009-2010 479406 249971 716555 65.7

2010-2011 915898 525457 1066016 72.3
2011-2012 713101 582175 1465428 72.2
2012-2013 626296 672543 1875968 74.0
2013-2014 619396 715786 2316959 74.6
2014-2015 629246 785503 2801889 771
2015-2016 666492 952256 3429148 79.6
2016-2017 629754 919229 3951406 79.4
2017-2018 461076 913604 4419017 83.2

*Numbers of patients into HIV care are the number of patients with a first CD4 or first VL.
TNumber of patients receiving first HIV VL test is the number of first of VL tests.
FNumber of patients on ART is the number of patients who had a VL test in the 18-month period from 1 November (year—1) to 30 April

(year+1).

§Per cent of HIV VL suppressed are 100x(the number of VL <400 cp/mL/total number of VL tests) during the same 18-month period. Patients

who did not receive a VL test are not included.
ART, antiretroviral therapy; VL, viral load.

Of the 12.6million patients in the cohort, 7.1 million
ever initiated ART. To estimate the number of patients
currently undergoing ART, we limited the cohort to
the last 18 months from November 2016 to April 2018.
We estimate there were 4.4million patients receiving
ART as evidenced by VL monitoring during that time
period, similar to the 4.7million on ART the Joint United
Nations Programme on HIV/AIDS (UNAIDS) estimated
for 2018.%' The number of patients entering HIV care,
initiating HIV treatment and actively on HIV treatment
by year is shown in table 2. Since 2004-2005, the number
with a first VL. (a proxy for initiating HIV treatment, in
South Africa; only patients on ART are monitored viro-
logically) has grown from 27937 t0913 604 per year.

We found 4.2million CD4 and 592 261 VL tests that
were unlinked to other tests. Patients in the cohort
that had just a single CD4 and no VL include the large
number of patients who present clinically with HIV, have
blood drawn for a CD4, but do not seek follow-up care.
Still, some of these singleton lab results may be ‘stray’
lab results that should have been linked to a patient.
Singleton VLs represent 8.3% of all VL tests.

Participant follow-up

In South Africa, as in many countries, HIV care and treat-
ment decisions are informed by routine laboratory moni-
toring, as specified in standardised national guidelines.”
While the cohort lacks information on clinical visits,

pharmacy data or ART regimen, it is nevertheless possible
to follow important care and treatment decisions through
the labs.

Within the cohort, follow-up is determined by the
dates of CD4 and VL monitoring, as well as screening
for potential treatment complications, known as the ART
workup. Laboratory-based monitoring of CD4 and VL
has been a standard component of national HIV care
and treatment

guidelines during the period of study and a routine
part of clinical care. During the period of observation,
patients testing positive for HIV at a health facility have
blood drawn for a CD4 on the same day or shortly there-
after. Thus, a patient’s first CD4 test is a reasonable proxy
for the date when a patient was diagnosed as HIV-infected
within the health system and presented to a health
facility. At the start of the HIV care programme, VL tests
were conducted at treatment initiation, and then every
6months. Since 2010, VL. monitoring has been limited to
6 and 12months after treatment initiation and annually
thereafter. Table 3 lists the evolving criteria for ART initia-
tion and ART laboratory monitoring in South Africa from
2004 to 2016.

Within the cohort, for patients on treatment, a total of
26.7million follow-up VLs have been conducted, which
corresponds to a median of 2 (IQR 1-5) VLs per person.
This translates to 23 381 315 total person years of follow-up

4
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Table 3 Evolving criteria for ART initiation and ART monitoring in South Africa from 2004 to 2016

Year Guidelines ART initiation criteria/CD4 and VL monitoring
2004 National ARV Treatment Guidelines (2004)®®  Criteria for ART initiation
CD4 <200 cells/mm? irrespective of stage or WHO stage IV
AIDS-defining iliness, irrespective of CD4 count, and patient
expresses willingness and readiness to take ART adherently
ART monitoring
CD4: staging and every 6 months
VL: staging and every 6 months
2010 The South African Antiretroviral Treatment Criteria for ART initiation
Guidelines 2010% CD4 count <200 cells/mm? irrespective of clinical stage or
CD4 count <350cells/mm? in patients with TB/HIV or pregnant
women or WHO stage IV irrespective of CD4 count or MDR/
XDR irrespective of CD4
Require fast track (ie, ART initiation within 2 weeks of being
eligible)
Pregnant women eligible for lifelong ART, patients with very
low CD4 (<100)
Stage 4, CD4 count not yet available
MDR/XDR TB
ART monitoring
CD4: staging, 6 and 12 months and annually thereafter
VL: 6 and 12 months and annually thereafter
2011 Circular on New Criteria for Initiation of Adults Baseline CD4 for initiation at CD4 <350 cells/mm?
on ART at CD4 Count of 350 cells/mm?® and
below, 26 August 2011
2012 Accelerating Access to ART Services and Criteria for ART initiation
Uptake (circular), 17 April 2012 CD4 count <350 cells/mm? irrespective of clinical stage or
patients with TB/HIV irrespective of CD4 count or pregnant
women or WHO stage IV irrespective of CD4 count or MDR/
XDR irrespective of CD4
Require fast track (ie, same day ART initiation)
Pregnant women eligible for lifelong ART, patients with low
CD4 (<200)
Stage 4, CD4 count not yet available
MDR/XDR TB
Screening and treatment of patients with very low CD4 counts
(<100) for cryptococcal infection
ART monitoring
CD4: staging, 12 months and annually thereafter
VL: 6 and 12 months and annually thereafter
2013 The South African Antiretroviral Treatment Criteria for ART initiation

Guidelines 2013°%

CD4 count <350 cells/mm? irrespective of WHO clinical stage
or irrespective of CD4 count and all types of TB (In patients
with TB drug resistance or sensitivity, including extrapulmonary
TB) and WHO stage 3 or 4 irrespective of CD4 count

Require fast track (ie, ART initiation within 7 days of being
eligible)

HIV-positive women who are pregnant or breast feeding

or patients with low CD4 <200 or patients with stage 4,
irrespective of CD4 count or patients with TB/HIV comorbidity
with CD4 count <50 (patients with Cryptococcus meningitis or
TB meningitis (defer ART for 4—-6 weeks)

ART monitoring

CD4: staging and 1year
VL: 6 and 12 months and annually thereafter

Continued
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Table 3 Continued

Year Guidelines

ART initiation criteria/CD4 and VL monitoring

2015 National Consolidated Guidelines for the
Prevention of Mother-to-Child Transmission of
HIV and the Management of HIV in Children,

Adolescents and Adults 2015%°

2016 Circular on Implementation of the Universal

Test and Treat Strategy for HIV Positive
Patients and Differentiated Care for Stable
Patients, 22 August 2016

ART, antiretroviral therapy; TB, tuberculosis; VL, viral load.

on HIV treatment for a median of 2.1 (IQR 1.0-5.0) years
per person.

Variables measured

The variables in the NHLS National HIV Cohort are
described in table 4 along with per cent completeness.
The cohortincludes the type of test, tests results, test date
and geographical information along with the patient’s
date of birth and sex. Table 5 is a frequency listing of
test type by three time periods. The tests included in
the cohort includes all CD4, VL, HIV confirmatory

Criteria for ART initiation
CD4 count<500 cells/mm? irrespective of WHO clinical stage
or all types of TB or WHO stage 3 or 4 or HBV coinfection
irrespective of CD4 count
Immediate initiation
All HIV-positive pregnant or breastfeeding women, as long as
no active TB
Require fast track (ie, ART initiation within 7 days of being
eligible)
Patients with low CD4 <200 or patients with stage 4,
irrespective of CD4 count
ART monitoring
CD4: staging and 1year
VL: 6 and 12 months and annually thereafter
Criteria for ART initiation
All HIV-positive adolescents and adults regardless of CD4
count
ART monitoring
CD4 staging and 1year
VL monitoring at 6 and 12 months and annually thereafter

tests (PCR/ELISA), and ART-workup labs for patients
receiving HIV care.

Despite the lack of clinical and pharmacy data, the
cohort can be used to generate a wealth of informa-
tion about the national HIV programme. Information
on facility can be linked to facility geocodes, which can
be mapped (figure 1), aggregated to the local munici-
pality, district and provincial levels, or linked to external
population-level data such as HIV prevalence, poverty
levels or the population age distribution. Information

Table 4 Variables in the NHLS National HIV Cohort

Per cent completeness of

Variable Description variable (%)
BU_uniqg_ID Unique patient identifier 100
Episode_no NHLS Episode identifier 100
Sex Sex 98.0
Age Age at testing date (years) 91.6
Province Province of health facility where specimen was taken 99.8
District District of health facility 99.8
Local_municipality Local municipality of health facility 99.8
Facility NHLS facility code of health facility 99.8
Ward NHLS ward code of ward at health facility 99.8
Test_name Type of test (eg, CD4, VL) 100
Test_date Date of test 100
Test_result Test result 100

NHLS, National Health Laboratory Service; VL, viral load.
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Table 5 Frequency of all tests included in the NHLS National HIV Cohort in three time periods, May 2004-April 2018

Name of test Use in HIV care 2004-2008 2008-2013 2013-2018 All time periods

Alanine aminotransferase Measure of liver injury and determining 1970138 9301723 9176996 20448857
choice of ART

CD4 count ART eligibility and disease progression 3599594 15483376 17578415 36661385

Serum cryptococcal antigen  To detect and prevent cryptococcal 17 71374 10179083 1089294
meningitis

Creatinine clearance Measure of kidney function and 2880 6113182 25422404 31538466
determining choice of ART

HIV ELISA confirmatory HIV diagnostic test primarily in infants 663518 820322 370465 1854305
and young children

HIV ELISA screening HIV diagnostic test primarily in infants 1129249 1448212 639528 3216989
and young children

Haemoglobin Measure of overall health 3841090 12318399 14260748 30420237

HIV PCR HIV diagnostic test primarily used for 39706 109079 108212 256997
HIV diagnosis in infants

HIV RNA viral load Monitoring efficacy of ART therapy 1120821 6716430 18922454 26759705

Total 12367013 52382097 87497125 152246235

ART, antiretroviral therapy; NHLS, National Health Laboratory Service.

on test dates can be used to assess longitudinal outcomes
such as retention in care (18 months without a moni-
toring lab) at the patient level and to assess trends in
patient outcomes over time.

Participant attrition

As in other passive surveillance cohorts,” attrition from
care (and its inverse, ‘retention in care’) is a primary
outcome of interest. Data are generated through lab
monitoring as part of routine clinical care, and no data
are collected beyond what is clinically indicated. No
efforts are made by the research team to retain patients in
care nor to actively follow up patients who have left care.
However, accuracy of retention estimates is enhanced by
the national perspective of the cohort, which is robust
to silent transfers. As the study population includes all
people who have sought public-sector care for HIV in
South Africa, attrition occurs only if a person emigrates
from South Africa and can no longer seek HIV care.

Patient and public involvement
Patients or the public were not involved in the design,
conduct, reporting or dissemination plans of our research.

FINDINGS TO DATE

The ability to link laboratory results to create records
of individual patients has enabled (1) longitudinal
patient-level epidemiological research for the complete
national HIV care and treatment programme including
patients not yet on ART; (2) assessment of concepts such
as ‘CD4 recovery’, retention in care and ‘viral resup-
pression’ that require individual-level longitudinal data
and monitoring of these concepts at all public-sector
facilities nationally; (3) tracking of patients as they
seek care at different clinics within the health system

and assessing patterns of transfer; and (4) evaluation

of policies and guideline changes. Finally, linkage with

facility geocodes has enabled integration of the cohort
with publicly available data on outcomes and exposures
at the facility or district level, including programmatic
data (eg, clinic staffing and size) and population-based
data (eg, population density, poverty, HIV prevalence
and mortality).

Key findings from the NHLS National HIV Cohort
include the following:

» Retention in HIV care is underestimated by not accounting
Jor within system patient transfer—estimated retention in
HIV care from both the initiating clinic and a national
perspective. At the clinic level retention in care was
29.1% by 6 years. However, when accounting for trans-
fers to other clinics, retention in care was 63.3% by 6
years.”

»  Thereis large spatial heterogeneity in the HIV care cascade—
estimated rates of VL testing and suppression from
April 2014 to March 2015 across public facilities. We
identified wide spatial variation in VL suppression,
ranging from 69% to 82% at the provincial level.**
Figure 2 shows a map of district-level estimates of VL
suppression. The cohort was also used to develop a
summary measure of quality of care at the facility level
based on patients’ longitudinal outcomes in different
facilities. Year-to-year, quality was found to be highly
correlated within facilities but varied widely across
facilities.”

» A high proportion of patients present with advanced disease—
documented that a consistently large share (~33%) of
patients entered into care with a CD4 of <200 cells/pL
from 2011 to 2016 despite increased CD4 treatment
eligibility standards.*® Late presentation persisted into
the Universal Test and Treat (UTT) era.”’
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Figure 2 Viral load suppression by district in South Africa, 1 May 2017-30 April 2018.

» A wave of adolescents will requive HIV treatment—identi-
fied adolescents who entered care in childhood (likely
perinatally infected) and adolescents who entered
care in their later teenage years (likely infected via
sexual transmission). A 10-fold to 20-fold increase
in the numbers of adolescents on ART from 2004 to
2007 to 2012-2014 was found and resulting in a ‘wave’
of adolescents aged 15-19years old who will require
HIV treatment over the next decade due to both the
ageing of perinatally infected children into adoles-
cence and increased numbers of adolescent girls
seeking HIV care for the first time.*

Viral monitoring for treatment failure. VL. monitoring is
conducted to identify patients at risk of treatment
failure, to target these patients with adherence coun-
selling and to switch them to second-line therapy
if needed. Comparing outcomes among patients
with VL results just above versus just below the 1000
copies/mL” threshold, we found that while having
a VL of >1000 increases the probability of follow-up
VL monitoring, most patients with elevated VL do
not receive monitoring within recommended time-
lines.

Strengths and limitations

The main strength of the NHLS National HIV Cohort
is, first, its size and scope. With millions of patients over
many years, the cohort can be used to conduct robust
evaluations of policy change in South Africa’s public-
sector treatment programme. It can also be used to take
advantage of variation in programme implementation
(eg, increases in HIV testing in some areas before others,

or implementation of the National Adherence Strategy)
to evaluate the impacts of these interventions.”

Second, the cohort is unique in its ability to explore
outcomes without the problem of silent transfers.” Silent
transfers, patients who move from one facility to another
without informing their sending clinic, lead to overes-
timates of attrition from HIV care and misclassification
of outcomes in programmatic evaluations. Because the
cohort contains information on the clinic where the lab
investigation was conducted, we are able to identify move-
ment between clinics and not misclassify these move-
ments as lost to follow-up.

Third, the cohort contains patient data prior to the initi-
ation of ART: essential for assessing the impact of policy
changes on outcomes both before and after treatment—
something few clinical cohorts in South Africa capture.”

A weakness of the cohort is that it is limited to labo-
ratory results with limited demographic information and
no clinical visit or pharmacy information. While we have
been able to overcome some of these limitations through
imputation of ART start dates,” we do not have data on
medication or visit adherence, or clinical diagnoses that
would be useful for describing a national programme.

Second, the matching techniques we use are not perfect
and lead to both overmatching and undermatching of
patient records, which potentially could lead to biased
findings. Because the dataset is so large, random error
is typically approaching zero in any analysis. This makes
systematic errors (like the overmatching and under-
matching) the main source of error in studies using
this cohort, a problem that can be explicitly modelled
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using quantitative bias analysis.”> We have also assessed
the sensitivity of our results to matching parameters and
found the results to be quite robust.”

Third, as with other clinical databases, data collection
is part of routine clinical care. This means that if patients
do not present for care, we cannot observe their CD4 or
VL. Further, adherence to laboratory monitoring guide-
lines may vary across facilities, which may contribute to
differences in outcomes across facilities.

Finally, the cohort does not have data on death and is
unable to link to the National Vital Registration System
to obtain mortality data due to the paucity of national ID
numbers collected. This means that we are currently not
able to describe the impact of interventions and policy
changes on mortality. Instead we use other indicators of
poor outcomes such as unsuppressed VL, failure to gain
CD4 cell count and attrition from care.

FUTURE PLANS

Our future plans for the cohort fall into three catego-
ries, all with the aim of enhancing the research and clin-
ical value of the cohort: (1) continuous updating of the
cohort, (2) integrating the cohort with clinical databases,
and (3) expanding the scope of the cohort to include
tuberculosis and other lab-monitored comorbidities.
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