
Using Big Data to 

Improve HIV Treatment 

Program Outcomes in 

South Africa



Big data analytics is the 

process of examining large

and varied data sets --

i.e., big data -- to uncover 

hidden patterns, unknown 

correlations, market trends, 

customer preferences and 

other useful information that 

can help organizations make 

more-informed business 

decisions.

What is big data 
analytics

Source: simplilearn.com



South Africa analysis is a Big Data analysis because: 

(a)large dataset; 

(b)varied dataset; 

(c)Was used to uncover previously-unknown 

trends in HIV treatment adherence and success; 

and 

(d)Improved supervision in the health sector



Context





SOUTH AFRICA’s HIV 

Treatment program

• 1 in 5 people on HIV treatment live in 

South Africa

• HIV treatment is lifelong and adherence

is essential
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Three-phased approach for WB support for HIV treatment 

program in South Africa

Geospatial



Four key questions:

1. Do people who are on HIV treatment, get their HIV viral load 

checked as per South Africa’s HIV treatment guidelines?

2. Are people on HIV treatment in SA virally suppressed?

3. Does this viral suppression lead to improved health for HIV 

patients?

4. Are there spatial patterns to how data are distributed?



What routine (big) data were available in 

South Africa to answer these 4 questions?

• Three Interlinked 

Electronic Registers 

(TIERs)

• Since 2011

• 3-tiered electronic 

patient management 

system

• Captures patient-

level data on HIV 

counselling and 

testing, pre-HIV-

treatment and HIV-

treatment services  

• NHLS is the largest diagnostic 

pathology service in South Africa

• Supports national and provincial health 

departments 

• Provides laboratory and related public 

health services to over 80% of the 

population through a national network of 

laboratories

• Samples to NHLS laboratory, test 

performed and results via SMS printer 

to facility

• Manual transcription to patient file

• Houses a Corporate Data Warehouse 

(CDW) on all laboratory tests and 

their results

• For HIV: viral load and CD4 test 

results

• NO unique client identifiers

• District Health Information System

• South Africa’s health management 

information system 

• Summarises data from ‘tick 

registers’ and patient that are 

completed daily

• Data in DHIS based on national 

indicator set for health service 

monitoring

• NOT patient level monitoring 

• Includes aggregate HIV data 

(number of patients and types of 

services, in aggregated form) on 

HIV testing, HIV treatment and 

other HIV services



Big data approaches to answering the 

Government’s 3 questions

Data Science Analytical approach Databases used

VLD: Do people who are on HIV 

treatment, get their HIV viral load 

detected as per South Africa’s 

HIV treatment guidelines?

• Create a temporal patient database with 

consecutive lab results, per facility

• Compare VL tests performed at specific 

time intervals against the number of HIV 

treatment clients at facility 

Harmonised master list of health 

facilities

VLS: Are people on HIV 

treatment in SA virally 

suppressed?

• Use temporal patient database with 

consecutive VL lab results, per facility

• Check VLS status disaggregated by sub 

population

Temporal set of patient data

Harmonised master list of health 

facilities

CD4 recovery: Does this viral 

suppression lead to improved 

health for HIV patients?

• Use temporal patient database with 

consecutive CD4 lab results, per facility

• Check CD4 status disaggregated by sub 

population

• Determine temporal change

Temporal set of patient data

Harmonised master list of health 

facilities

Spatial distribution: Are there 

spatial patterns?

2 types of spatial correlation analyses:

• Moran’s I

• Geary’s c

VLD and VLS results from above

Harmonised master list of health 

facilities



Data Science Aspects



Data Science Aspects

• Obtained harmonised list of health facilities

• 4 different lists, curated by different persons

• Crowd sourcing to obtain some health facility 

names and locations

• 3,642 of 3,775 DHIS-facilities could be linked 

to NHLS data



Fuzzy Matching Algorithm developed for the 
purpose of these analyses



After patient-linked cohort established ….

• Estimated proportion of clients receiving a VL test in a 12-month 

period at the facility level.

• Grouped VL test results in four categories (<400, 400–1000, >1000, 

and >10,000 copies/mL), as per the VL-based client management 

guidance in the National ART guideline.

• Estimated the proportion of viral load tests done (VLD) and proportion 

of ART clients virally suppressed (VLS) by province, district, 

subdistrict and health facility.

• Assessed if there is any relationship between facility size (determined 

using the number of clients on ART at each facility) and viral 

suppression levels.

• Determined if poorer-performing facilities were spatially grouped (i.e. 

in one district). 



15

South Africa Big Data and Geospatial Analysis



Big Data Analytics 

Aspects



 13% of HIV treatment patients highly infectious 
(VLS >10,000 copies)

 Best facilities had VLS 60% higher than worst

 Best districts had VLS 40% higher than worst

 Largest quartile facilities 15% above smallest 
quartile facilities

 CD4 immune reconstitution 

50% lower among men and 

even lower among older men

 Prospective impact evaluation 

targeting lowest VLS districts

 Cape Town positive outlier but rest of Western Cape negative outlier

Summary big data analysis



VLS results
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Good and not-great VLS results
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CD4 recovery results 



Geospatial 

Analytics Aspects



Spatial correlation

Moran’s I: 0.246 (0.241, 

0.251 95% Confidence 

Interval)

(0 = random spatial 

pattern)

Geary’s c: 0.54 ( 048, 

0.60 95% Confidence 

Interval

(0 = perfect spatial 

correlation; 2 = perfect 

dispersion)

Because of results, decided to include district health management 

team-level efforts in facility improvements (part of prospective impact 

evaluation)




