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“Data integration of South Africa’s NHLS and TIER.Net HIV patient-level databases can be achieved without patient identifiers  with high accuracy”

Background and Objective

Results

• Linkage of health databases traditionally requires personal identifiers such as 
names and personal identification (ID) numbers, which may not be accessible 
for research purposes due to data privacy concerns (1).

• The National Health Laboratory Service (NHLS) database contains CD4 count and 
viral load laboratory records used to assess patient health at presentation, 
monitor response to ART, track viral suppression, and detect treatment failure.

• Facility-based patient health management system, TIER.Net, contains data on 
clinical events including HIV diagnosis, Pre-ART care,  ART initiation ART pick-up 
and, other clinic visits for laboratory tests not available in the NHLS database.  

• We set out to link the NHLS and TIER.Net databases without patient identifiers 
to enable analyses of the full cascade of HIV care and evaluations of large-scale 
HIV policy interventions

Methods

Conclusion

Record linkage Quality:

Enhancement of TIER.Net using record linkage
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Figure 1 Linkage  approaches

(b) Exact matching 

Sequential linkage 

(a) Specimen Barcode 
matching 

(c) Caliper matching* 

(a) Linkage using specimen barcodes if present; (b) Linkage using exact values of the linkage variables; (c) Linkage allowed 
for approximate matches (near matching) on the test date (±5 days) and standard lower than detectable (LDL) viral load 
values if result captured in text on the NHLS.

Validation done using a  
NHLS-TIER.Net specimen 
barcode linked datasets

All patients receiving HIV care in Ekurhuleni district at public-sector 
health facilities  from 1 Jan 2015 – 31 Dec 2019 with data in both 
TIER.Net and NHLS databases.

We included data for health facilities existing in both databases 
where  facility-month lab test volumes differed by ≤50% of the 
lesser total. Excluded were test results missing a test result value 
and duplicate test results captured more than once for the same 
patient.

Specimen barcode, CD4 count / Viral load test result value, 
specimen collection date, facility of collection, Month/Year of birth, 
and Sex

We compared labs linked using specimen barcode and the exact 
and caliper linkage approaches using validation datasets with 
specimen barcodes only to determine the performance [sensitivity 
and Positive Predictive Value (PPV)]. Among all eligible labs we 
estimated these measures for the sequential linkage and also 
compared coverage across all labs.

We applied specimen barcode, exact and caliper matching 
separately;  and combined these approaches in sequential 
approach (Figure 1)  

Figure 2 Record linkage performance for each linkage strategy (N=1,944,292)
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• Of the 676,422 labs of the TIER.Net validation dataset, the exact yielded a
total of 437,759 labs [Sensitivity=53.4% (95% CI: 53.3, 53.5); PPV =95.0% (95%
CI: 94.2, 95.3)] while the caliper matching linked 481,989 labs [Sensitivity =
91.0% (95% CI: 90.9, 91.1); PPV of 94.4% (95% CI: 94.4, 94.5)].

• Of the total eligible TIER.Net labs (n=1,944, 292) for 506,944 patients that
were available for linkage with the eligible NHLS labs (n=2,231,354), coverage,
sensitivity and PPV are compared in Figure 2:

• We linked January 2015-March 2018 TIER.Net labs (1,257,913) to the
deduplicated NHLS HIV cohort data (2). Notably, the highest proportion of
additional labs identified in the NHLS not captured in TIER.Net was recorded
by the sequential matching (Figure 3) .

Table 1. TIER.Net profile enrichment determined using the NHLS HIV cohort for Jan 2015-March 2018

Sequential linkage outputs 

TIER.Net patients , n (%) 
Viral load/CD4 

Linkage 

CD4 only 

linkage

Viral load 

only linkage
With ≥1 CD4/Viral load 403,476 319,731 308,923

With NHLS unverifiable labs 95,890 (23.8) 136,930 (42.8) 43,315 (16.0) 

Matched - with NHLS verifiable labs 307,586 (76.2) 182,801 (57.2) 259,608 (84.0)

Matched, TIER.Net lab profile complete – no 

NHLS update required 

198,528 (49.2) 116,450 (36.4) 177,542 (57.5)

Matched, TIER.Net lab profile enriched – new 

labs from NHLS cohort

109,058 (27.0) 66,351 (20.8) 82,066 (26.6)

% lab profile improvement in TIER.Net among 

linked patients

35.5% 36.3% 31.6%

• In the Jan 2015-March 2018 data, 76.2% of TIER.Net patients were linked to
an NHLS laboratory profile, a total of 27.0% acquired new viral load/CD4
laboratory test information not captured in TIER.Net, thus completing their
available laboratory test and clinical visit profile (Table 1)

Figure 5.  Additional lab results identified in NHLS National HIV Cohort with all 
Jan 2015-March 2018 TIER.Net labs (n=1,257,913)

• Sequential matching without patient identifiers can improve the linkage 
between the clinical (TIER.Net) and laboratory (NHLS) databases. 

• Though limited, such an integrated database is immensely valuable in fully 
understanding the impact of the different HIV program policies such as the 
Universal Test and Treat (UTT) policy at different stages of  HIV care cascade.
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