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Content

1.

Provide a brief background
Present the dashboard and reports available

Demonstrate the outputs of the data analysed thus far
(comparison between. TE site and NHLS dataset)

Gather input and strategic direction for the distribution and
utilisation of these reports from NDoH

|dentify possible gaps and discuss the next steps
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South Africa has the largest population of

HIV infected people in the world and the
largest population of peopie on ART...

= However the implementation of a comprehensive monitoring
and evaluation (M&E) program lagged behind the
implementation of the CCMT rollout.

= There is a deficit of important strategic information concerning
the overall effectiveness of the treatment management
programme that could be used to refine treatment strategies
and direct scarce resources where they are most needed.

= The NDoH has been implementing the Tiered ART Monitoring
Strategy to establish a standardized M&E system at CCMT clinics
nationally for a variety of clinical and laboratory indicators.

= Meanwhile, the NHLS has an existing database that has potential
as a secondary source of laboratory M&E indicators and should
be utilized for this purpose.

2014/10/04
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What is the value of the laboratory data

Analysers throughout orgnaization interfaced
to one LIS: result reporting

National laboratory data throughout the
public health sector is replicated to a single
national Corporate Data Warehouse
(CDW).(272 labs): >80% public HIV and TB
lab data

CDW is built with raw data which is then
aggregated into summary analysis.

Currently specimen-centric due to the lack of
patient identifiers, i.e. data warehouse.

Developed a probabilistic patient algorithm in
the absence of a national Master Patient
Index (MPI), e.g. ID number — still in
development.

A national MPI will enable the development
of a patient-centric data repository.

Data download available: clinical data-

P aVaVaVal ~thor lalhh AdAatalbhacoace crme rociltino

The Clinical Laboratory Data Warehouse

An Overlooked Diamond Mine

Raymond D. Aller, MD

DOI: 10.1309/TXXABUBMWTELO4KF

It is important to recognize the distinction between a
data warehouse and a clinical repository (or electronic
medical record). The data warehouse is constituted primarily
for retrospective data analysis and contains sophisticated
analytic tools, and a response time of 1 to 2 minutes is quite
acceptable. The data repository* might contain data of an
equal e T Coe
OpliMiziu 1un punmg wgeuna an vimvar vusu vauvns v a

patient. Because the data repository is constituted to support
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http://ajcp.ascpjournals.org/content/120/6/817 .full.pdf



What does this mean?

All raw laboratory data is replicated from LIS to the national CDW and is
available to:-

Conduct routine monitoring and evaluation of programmes, e.g. Xpert
Deliver programmatic information in a dashboard to line management
Use the data to correlate against paper-based/electronic records
(triangulation).

Request data extracts for record matching and integration, e.g. Therapy
Edge interface.

Request specific extracts for research questions, e.g. linkage to care.
Business management, operations management, quarterly reporting
Add-ons (SaaMS or SLAMS) which provide additional functions

Limitations

Our data is only as good as the information provided on the laboratory
request form.

Unique identifier




Connectivity: well established in labs, imperative for POC to be
connected — or else loose national data, and program M&E.

Result reporting

Billing

Program M&E

M&E Geo Analysis

(=) CDd <=350 (as % of Total] () CD4 <= 100 {as % of Total) VL

= 1000

Zimbabwd
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A vision for public health laboratory

data

Integrated view of the patient across all health care systems:-
— Health facilities
— Laboratory
— Pharmacy
— Etc.

How to achieve this:-
— Implementation of Essential Health Record at all health facilities.
— Decide on data interchange standards, e.g. HL7., ASTM for analysers
— Develop national coding systems, e.g. DHIS facility code.
— Implement data interchange between systems, e.g. integration €

What this will prevent:-
— Recapture of existing patient data on multiple systems, e.g. reqt
— Manual printing of laboratory results (available electronically).
— Unique identification of the patient (integrity).
— Missing laboratory results.




Laboratory innovations that are

Order entry

The primary function of the order entry
module is to generate the electronic
laboratory test orders, record the
orders, and maintain the list of active
orders. A successful order entry
module should be simpler and faster
than the conventional pen and paper
systems (Teich et al., 1992). This will
replace pen and paper systems.

heeded

Analytical Phase

The LIS is used in laboratories
for the management of the data
related to samples received,
instruments used to test these
samples and other laboratory
functions such as recording
guality control performed as well
as management reporting and
storing of patient results.

HL7 Delivery of results to the EHR
Electronic delivery of patient results
directly into the patient record. No need
for printing, filing, faxing, sending SMS
and using web browsers to access
results.

Delivery of results to other Medical
Patient Record (MPR) Systems
Electronic delivery of patient results
directly into the patient record.

Seamless transfer of data within the public health care system, currently working at IALCH

i ble the shif iata infercl | the ahil ovel —

centric data repository using a single national MPI. The benefits include the ability
to follow cohorts and conduct longitudinal analysis.




Possible uses of the NHLS data to monitor and evaluate the
eftectiveness of the Comprehensive Care, Management and
Treatment (CCMT) programimme for HIV/AIDS in South Africa.

This will be performed through a number of specific aims:

1.

Develop a set of M&E indicators for HIV and TB that can be
measured from routinely collected NHLS data.

Calculate and Validate M&E indicators, to include HCT program
I’(%V\ﬁ[h In context of first CD4 test, undetectable viral load and loss
o follow-up.

Community Viral Load evaluation for identification of focus areas
for CCMT Programme (pre-ART and ART) management. This
would be from district to clinic level.

% virological failure at facility level

Development of standard procedures to ensure that indicators are
generated as part of a monthly narrative reports.

e.%CentraI Data Warehouse dashboard for real time indicator reporting
(CD4, HIV Viral Load and HIV DNA PCR)

Implementation of effective reporting to NDoH on laboratory M&E
Indicator targets. Expansion to additional forums?

2014/10/04
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No unique identifier: To create a cohort
some degree of matching is required
and there are 2 types of Matching.

1.  Exact matching: exact names, first address line, date of
birth, gender and hospital id at some institutions

2. Probabilistic matching: all of the above but allows for some
differences in spelling, dates, etc. Testing leniency with
time




What about all tests per patient — how good are
we at matching: Data analysis by Fuzzy logic

- NHLS implemented “fuzzy” linking algorithm (initially
developed for Leukaemia “big data” profile analysis)

- Matching NHLS and NDoH Clinics

- Developed Data Dashboards for NDoH |A Hybrid Fuzzy-SVM Classifier
" Applied to Gene Expression

- Profiling for Automated
SyStem Overview Leukaemia Diagnosis

36 Training 36 Testing . 12 ) - >
Samples Samples Meir Perez'2, David M Rubin?, Lesley E Scott?,

Tshilidzi Marwala®!, Wendy Stevens?

Results: 50 Genes selected

"":, University of the Witwatersrand, Johannesburg

é * School of Electrical and Information Engineering’

Pre-processing o o Department of Molecular Medicine and Haematology?

Medians i
and STDs A

5327 Genes

Fuzzy Gene Filter Gene 2
— ‘ Expression |
non-leukaemia 57 . ;A/' /,’ ”,’ " \\1(\1‘;19)\ t(>{2;21) 25 Genes p ) ~
02 o Intensity

Unclassified SVM Classifier Diagnosis -

N
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Fuzzy logic process for NHLS data:

Linking

Linking data to derive the
“unique Patient ID”

Uses entire dataset (not just HIV
— related testing)

Two step process:

— Exact matches on surname,
first name and date of birth

— Derive “Fuzzy” probability on

Surname (40% weight) three partS

— If probability multiplied by
weights is greater than 90%

Exact match Simplified match

Fuzzy” probability

First name (40% weight)

Date of birth (two parts of then linked _
year, month, and day) (20% All new lab results will also be
weight) linked as they enter the system

% Validate




Composition of NHLS Laboratory
Database

= Contains Viral Load and CD4 test results for public sector ARV
Facilities

= From 2004 to current

= 4,000,000 viral load tests (2012) ; 6,600 000 (2013)
= 16,446,842 CD4 tests (2012); >20 million (2013)

= All related assays available: chemistry, haematology, microbiology and
histopathology

= Biorepository development

= Can we use these tests to monitor progress on the CCMT
program?

2014/10/04 @%
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Data Dashboards

= Report from NHLS Corporate Data Warehouse

= Provide information on

= Number and results of viral load and CD4 tests (any assay really;
except rapid HIV tests)

= National results and by province and district
= Comparison of current month’s results to month in prior year

= HTML based and pdf formats
= Capability to be a web-page or pushed out through e-mail
= HTML version can be real time, weekly, or monthly

= Currently awaiting approval to begin distribution
= See active dashboards below

2014/10/04 @%
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EID Dashboard: down to facility level +
DBS training; wide distribution list

4,000
n Total PCR Tests: all
ages
3,000
Total PCR Tests: < 2
months
x X ) )
n HIV+ infants diagnosed
x x early: <2 months
2,000
X X X Estimated number of
X x HIV-exposed infants
X X x I,(I
1,000 I | I I I | I |
g B
0 — N s
2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010
Eastern Cape  Free State Gauteng Limpopo Mpumalanga Morth West  Morthern Cape Western Cape
HIV+ infants diagnosed early: <2 months Estimated coverage for early diagnosis
Year 2009 2010 2009 2010
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Existing Mobile-based Rapid Strip Readers

Fio Corp. ‘near Mobile, Android Deki Reader
universal’
Holomic LLC ‘near Mobile RDT Reader Yes
universal’
MobileAssay™ ‘near Mobile & Tablet None required Yes
universal’ Apple, Android,
Windows
Global ‘near Mobile Phone stand Yes
Solutions for universal’
Infectious
Disease (GSID)
BBI Solutions Custom per test Mobile None Yes
and Albagaia Apple, Android,
Windows

Not entire list of available devices



Smart Phone: data and graphic uploaded to cloud for

analysis

61 million active sim
cards in SA

14 million smart
phones

Capture sample
- Manual Entry
- Take picture of barcode

‘ Take picture of rapid test

B v

Enter result

I\‘\ i ,/:l

JLL Automatic upload to Cloud
Server for analysis and

Verification of result

]
J



Ra p I d H IV Te St 1. Detect Presence of Control Line

2. Detect Presence/Absenceof Target

HIV Rapid Tests Other Rapid Tests (Crag)




HTML formats: real-time, weekly, monthly; Who should get these?

Quarter Month
v Q12014 ¥ || Jan2014

Age Range
v || AlAges ¥ |

Year
| 2014

— \ — _J{I;l 9 Muzam bige

\Ilml:lal:rwe il 10000

= Bulawaj'o .
4,000
St
@ 5,000
4,000
2,000
Tests ARV - CD4 <=100 % Total o

EC FS GP

KN P M NW MC WO

8.0-8.1 '9.2—10_3 Dilld—ﬁ.ﬁ '11.5—12?
128138 B <=100m <=100LY

Province Current LY  Current LY Delta % % LY
Eastern Cape EC 20,659 37,253 2,579 4,435 (1.858) 125 1.8 ¥
Free State FS 10,548 18,471 1,165 2,185 (10200 110 1z ¥
Gauteng GP 13613 8,753 4583 8,818 (4,225) 137 128 ¥
KwaZulu-Natal KZN 62,563 | 108,538 5,069 10,417 (5348) 81 85 ¥
Limpopo LP 13,436 23,829 1,702 3,15 (1.413) | 127 | 131 &
Mpumalanga MP 17,722 31,239 1,872 3,755 (1,783) 111 120 ¥
North West N 12,491 23,443 1,388 2,578 (1.180) 1.2 1o ¥
Northem Cape = NC 3,343 5873 an 585 (225) | 1.1 | 101 i
Westemn Cape WeC 10,223 20,173 1,036 1,756 720y 104 87 ¥
Total 184,598 338,572 19,885 37,655 (17,770) 10.8 111

(=) CD4 <= 100 (as % of Total) (_) CD4 <= 350 (as % of Total) VL

=ry—
Lusaka ". ‘s 12,000

M&E Geo Analysis

National /I Provincial | NHI

(=) VL == 1000 (as % of Total) () VL >1000 (as % of Total)

B

= \
Lusaka ', ‘, 45,000

— \ — _J",;meo Muzamb|q|. 0,000
\Hllml:lal:rwe -

. 35000

Bl awayo . )
Botswana

25,000

15,000

10,000

Tests ARV - VL <=1000 % Tetal 0

&0.0-63.0 .E‘.D—E?.ﬂ Dﬂ.n—ﬁ.ﬂ .T‘S‘.D—?EB

TR.0-TO.0

EC FS GF

EZN P M ONW NC WO

B <=1000@ <=1000LY

Current LY Delta % % LY

Province

Eastem Cape EC 10,013 16,089 6.395 10.343 (4,448)  63.9 | 874 ¥
Free State FS 5,324 8,584 4,936 7,254 2,318) | 781 | 757 ¥
Gauteng GP 21,348 34,751 15,245 26,260 | (11,024) 714 756
KwaZulu-Natal KZN 34,133 53,167 26,585 41687 | (15082) 778 | 784 ¥
Limpopo LP 7,579 10,375 5,150 7,401 2,251) | 68.0 | 713 ¥
Mpumalanga MP 8,478 13,772 6,853 10,420 (3.567) 723 | 757 ¥
North West NW 7,536 1,118 4,903 7317 (2,414) | 651 | 858 ¥
Northem Cape  NC 1,830 2,606 1,196 1,555 (359) 654 587 ¥
Westemn Cape we 5,423 10,864 4,881 B&11 (3,730) 760 | 783 ¥
Total 104,664 162,324 76,154 121,357  (45203) 728 748
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Year
| 2014

Quarter

*» | Q12014 v || Jan2014

Month

Age Range
v | | All Ages

| Lusaka — ) 50,000
)
_‘A‘—_\____—_—wraleo M_qu;mhiql.
{ *.\Zil:habwe; .
= BGIE_v_rafu i \
- Namibia —Botswana
30,000

Tests ARV - CD4 <=350 % Total

_-m -4142 [ #+ -mr .48-40

13,000

Total

Province Current

Eastern Cape EC 20,659 37,253

Free State FS 10,548 18,471 4047
Gauteng GP 33613 68,753 16,551
KwaZulu-Natal KZN 62,563 108,538 24,730
Limpopo LP 13,436 23,629 6,145
Mpumalanga MP 17,722 3,239 7,804
Narth West NW 12,491 23,443 5479
Northem Cape NC 3,343 5873 1,486
Western Cape WC 10,223 20,173 4,378
Total 184,598 338,572 81,411

EC FS

8,413
33,823
47,604
11,848
14,508
10,603
2,504
B,506
156,833

GF EIN P

==350 1

Delta
(8,103)
(4,488)
(17,272)
(22,814)
(5,703)
16,614)
(5,124)
(1,108)
(4,218)
(75,422)

MEONW ONC WO

<=350 LY

() CD4 <= 100 (as % of Total) (=) CD4 <= 350 (as % of Total) VL

e e e e e e

Provincial |

ARV - VL >1000 % Total

FOWERED EY

Botswana

NHI

() VL <= 1000 (as % of Total) (=) VL > 1000 (as % of Total)

Lisgka — ) 12,000
Cpe= /
Mozambi
Harareo _luza]'n 1qL
' Zimbabwe' w40
"~ o fi
E-ulivz'ayu | \|
8,000

f Sl BNl el

it/ 5,000

Province

Eastern Cape EC
Free State F5
Gauteng GP
KwaZulu-Matal KZMN
Limpeopo LP
Mpumalanga MP
Morth West N
Northem Cape NC
Western Cape WC
Total

Total

Current
10,013 16,089
6,324 9,564
21,348 34,751
34133 53,167
7,579 10,375
0,478 13,772
7,536 11,116
1,830 2,608
6,423 10,864
104,664 162,324

3,618
1,386
6103
7,536
2,428
2,625
2,633
634
1,542
28,510

EC F5

5,246
2,330
8,482
11,480
2,974
3,352
3,798
1,051
2,253
40,967

GP KN

>1000m

P M ONW NC W

>1000 LY

M&E Geo Analysis

(1,628) 361 | 326 [
(942) | 218 243 [
(2,379) | 286 244 [
(3.942) 221 216 [
(545) | 320 287 [
(727) | 277 | 24.3 [
(1,166) | 349 342 [
(417) | 346 403 ¥
(711) | 240 | 207 ¥
{12,457) 272 252
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M&E Geo Analysis
KwaZulu-Natal

Year Quarter Month Age Range
| 2014 v |, Q12014 = || Jan2014 = || AllAges

National | Pro

v RN KwaZulu-Nata | v

Gauteng
() CD4 <= 350 (as % of Total) (=) CD4 <= 100 (as % of Total) VL Q) v_ stal) (=) VL > 1000 (as % of Total)
Mﬂgutc *000 Limpopo
Mpumalanga
3,500
= Narth West

3,000

-[' 2,500
2,500

2,000

2,000 \
- @ ¥

1,500
1,500

1,000
1,000

500 500

brt
mm . cm c-1nn “ TDH u Aniioba Lembe g uMkharyhusie uThukela FETE u A ejuba Lembe AL ubtbhamyalude uThukela FET
in—aj .&H-‘ Dm_r 9-3_11-3 ET ksl Metra Sserke uMgLngardianu  Uireinyatti uThungaiu “ I m - v.L “m % Tol.l el i Matro Sgenke uMngandiony LRIt uThasgaiu

-'.1.-:-123. m <=100@ ==100LY -1.9-211 .21-22 [ 2 .M .M m >i000m >1000 LY
KwaZulu-Natal T T | | KwaZulu-Natal | Tom ] >0
IR wr . -t . . ISt 1 en Uelta y . ~

Amajuba 2,637 4,542 310 520 (210) 11.8 1.4 *‘ Amajutla 1,076 1,570 35T 380 “2) 230 171 ,b
eThekwini Metro 19,427 36,265 1,480 3824 | (2144) | 76 100 ¥ eThekwini Metro 10,253 18,591 2,103 3280 | (1,188) | 205 | 177 ¥
iLembe 4,089 6,808 303 7 (74) | 74| B4 ¥ iLembe 2,438 2,872 585 718 (133) | 240 | 250 ¥
Sisonke 1,535 3,448 188 361 [1?5] 121 10.5 * Sisonke 745 1,602 25 368 “53] 270 230 ¢.
Ugu 4,693 9,080 400 831 531) | 85 | w2 ¥ Ugu 2765 4142 802 856 254) | 218 | 207 &
o qunicy 6,225 1,162 518 887 (368) 83 T8 ¥ uMgungundiovu 3,123 5,823 518 1,370 751) | 188 | 204 ¥
uMkhanyakude 4738 7144 252 883 (411} | 53 83 + uMkhanyakude 3,183 3,641 684 847 (163)  21.5 | 23.3 ¥
Umzinyathi 2,039 3,320 222 412 (190) | 109 | 124 & Umziyathi 1033 1335 253 a5 56) | 251 | 238 ¥
uThukela 4120 5289 358 485 (126) | 87 | 82 ¢ uThukela 2,068 2,636 448 556 (108) | 21.7 | 21.1 ¥
uThungulu 8,067 12,738 608 1170 (562) | 75 | 82 ¢ uThungulu 4,852 8711 1,112 2,025 (913) | 239  ap.2 ¥
Zululand 4083 B,G30 431 TBT [356] B.G 91 *‘ Zululand 2747 3244 B54 BET [213] 238 8.7 ,b
Total 62,563 108,538 5,069 10,417 (5348) 81 96 hl Total 34,133 53,167 7,538 11,480 (3,942) 224 216 hal

2014/10/04 Q



Static reports: who should get these

NATIONAL HEALTH : r E
CD4 Testing in Eastern Cape for the Month of Jan 2014 vs Jan 2013
By District vs Last Year (LY) BHENCurrent HEEME LY Total by District CD4 <= 350* Results CD4 <= 100 by District vs Last Year (LY)
5,000 1,000

4,000 800

3,000 600
2,000
400
1,000
200
0
AN AT BUF CcC CH G NMA TA
m <=100 m <=100LY m >100<=200 m >100<=200LY m >200<=350 e " AN AT BLF @ CH I NMA TA
W >200<=350LY m >350 m >350 LY n thousands

u <=100 H <=100LY
Results by Range by District vs Last Year (LY)

T e T e | imeaw | awesw | w0 | veriodu
T [Cument] LY [Curent] % | LY | %LY Current| % | LY | %LY Cument| % | LY |%LY [Curront| % | LY |%LY| Current] LY |

2,058 3,900 236 115 404 104 258 125 462 118 409 199 833 214 | 1155 561 2201 564 2,058 3,900
2,637 4701 297 113 480  10.2 319 121 535 114 581 220 1,021 217 | 1440 546 2665 56.7 2,637 4,701

3,011 5,314 451  15.0 753 142 393 131 695 131 653 217 1197 225 | 1,514 503 2669 50.2 3,011 5314

1,443 2,328 138 9.6 239 103 162 1.2 313 134 297 206 588 253 845 586 1,188 51.0 1,443 2,328
2,855 5,206 384 135 634 122 387 136 720 138 643 225 1,218 234 | 1441 505 2634 506 2,855 5,206
1,217 2,294 184 1561 281 122 147 | 121 308 134 200 238 538 235 596 49.0 1,167 509 1,217 2,294

2,781 5,318 360 129 704  13.2 390 140 755 142 609 219 1,317 248 | 1422 511 2,542 478 2,781 5,318

4,657 8,192 113 11.5 118 1,023 125 | 1076 231 1886 23.0| 2505 538 4,343 530 4,657 8,192

CD4 is represented as cells x 106 per mi
I ]
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NATIONAL HEALTH

LABORATORY SERVICE

INEN. NFR

Viral Load Testing in Eastern Cape for the Month of Jan 2014 vs Jan 2013

Total by District VL > 1,000 By District vs Last Year (LY) PHENE Current HEMNE LY
2,000
Alfred Nzo %% 592" 1,600
278 OR Tambo ..
Cacadu 706 1,200 [}
383 I
. | ]
800 L e
Buffalo City . - -
Metro o s B
a1 Nelson — -- -
Mandela 400 ] -
B Mot l —
oL | - | | | | |
. Alfred Nzo Amathole Buffalo City Cacadu Chris Hani Joe Ggabi  Melson Mandela O R Tambo
ris Hani Metro Bay Metro
479
m <=1,000 m <=1,000LY | > 1,000 <= 10,000 m >1,000<=10,000LY m > 10,000
m >10,000 LY

Results by Range by District vs Last Year (LY)
[ | euwmed | iomiesd =i
LY LY % LY YTD LY

17.8 821 1,174

Viral Load (VL) is represented as RNA copies per ml
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District Health Barometer type
reporting is possible.

= District Health Barometer 2011/12 published March 2013
= HIV and AIDS Chapter reports on:

HIV testing rate

Antenatal client HIV 15t test rate

HIV antenatal prevalence, HAART initiation
Baby initiated on HAART

Early infant diagnosis coverage

HIV PCR infant test results

Significant validation of mapping: parameter-instrument-laboratory-
location-patient details

®



Health Barometer Additions

= Monitored Viral Load = Number of viral load/CD4 tests per infected
. _ population
= Viral Load > 1,000 copies/ml o
. . = Trend monitoring
= Number of viral load/CD4 tests per patient

11:30 Tuesday, May 14,2013 1

14:28 Tuesday, May 14,2013 1
Figure 1: Proportion of Viral Load Tests Greater than 1,000 copies/ml--Final Quarter 2011 Figure 2: Annual trends in Proportion of Viral Load Tests Greater than 1,000 copies/ml--2005 to
2011
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Community viral load (2004-2011)

Community Viral Load (CVL) is an indicator of amount of
viral burden circulating in the population.

* A high CVL is associated with high rates of infection,
infected patients initiating care with advanced stages of
disease and/or a lack of compliance with therapy

* HIV viral load monitoring data from the National Health
Laboratory Service (NHLS) used to compare the change in
CVL in the two largest metropolitan areas in South Africa:
Cape Town and Johannesburg.

* alarge urban clinic with a comprehensive clinical care
database in the comparison of CVL was used (gold
standard).

Sergio Carmona-2, William B. MacLeod**>, Naseem Casim?!, Sesupo Nene®?, Gayle Sherman?, Wendy Stevens!?



Heat map depiction of the geometric
Mean Monitored Viral Load 2011 in SA.

1st Quintile

4th Quintile

5th Quintile
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» Cross-sectional analysis

— Counts of tests and results of tests for a time
period and geographic location

— Linking tests to individuals has the potential for
calculating more indicators
« Number of persons initiating therapy
« CD4 count at treatment initiation
 Proportion of Virological failure

2014/10/04 30



Cohort Analysis

Extract Themba Lethu Clinic subjects
from NHLS CDW dataset and compare
results to TLC Therapy Edge Data

— Number initiating therapy
— CD4 count at initiation
— Proportion with suppressed viral load

Tests linked to individuals by exact
match of surname, first initial and
date of birth

— macleodw06091962

Out of 36,315 individuals in the TE
TLC cohort this combination was
only found in 43 pairs (0.24%).

Proof of Concept of Cohort Analysis

Cohort Data
2004-2012

T e (B Ee Clinic Viral Load

and CD4 Count
Tests

Linked Data
2004-2012

Clinic Viral Load
and CD4 Count
Tests

Compare Results



Analysis Database

Our analysis needs patients with a viral load test

Viral load test is a proxy for a patient on ART.

— Start of ART treatment

— Response to ART treatment
Assume that a patient with only CD4 count tests
IS pre-ART

Assume that a patient with only one VL test Is
unlinked




Rationale for Final Database

Choice

Want to choose patient population that Is
followed.

— A single date for tests is relatively
uninformative.

— Almost all viral load tests associated with a
single CD4 Count test at the same date.

— Having at least 1 viral load test and 2 CD4
selects patients that have at least two
observation dates.




Potential Bias

This patient population selection process
Introduces a number of potential biases

— Survivor bias—Everyone must have survived to
receive a viral load test

— Information bias—Those patients with better
recorded information will more likely have a
match and be included in the database

— Cohort bias—Patients initiated in the recent past
are more likely to be excluded




Methods for Estimating Number
and Timing of Therapy Initiation

= Two Ways

= Directly calculated frequency counts of treatment initiation date.
= Have this data for Therapy Edge but not for NHLS

= Indirectly estimated based upon assumption that First Viral Load in
database is associated with ART treatment initiation.

= Date of ART treatment initiation is related to timing of first viral
load

At treatment initiation?
After 6 months on therapy?
After a year on therapy?

= Which time do we choose?

2014/10/04 @%

.



Calculating Treatment Initiation
Date from First Viral Load Test

Date

2005

Treatment
Initiation First Viral Load
k
(unknown date) 2006 (known date) 2007
< >

Time from Treatment Initiation
To First Viral Load

If we know something about the distribution of time from treatment
Initiation to first viral load then we can estimate time of treatment initiation.

2014/10/04 @9
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The Timing of First Viral Load Test at )
TLC by Year from Therapy Edge

Database
2004 4 (3-5)
2005 3 (2-4)
2006 3 (0-4)
2007 0 (0-3)
2008 0 (0-3)
2009 3 (0-4)
2010 5 (3-6)
2011 5 (2-6)
2012 5 (0-6)

2014/10/04 @
Reflects changes in guidelines



Estimating Initiation Date

= For each patient estimate time between First Viral Load and
Treatment Initiation using a randomly assigned time (based on
the normal distribution with mean equal to the median and
standard deviation equal to width of IQR)

= Calculate estimated year of initiation for entire patient
population

= Repeat 100 times and calculate mean number of initiates and
95% CI for each year.

2014/10/04 @%

.



The estimate # of Patients Initiating
Therapy Calculated Two Different Ways

2004 1,396 192 (176- 209)

2005 2,046 1,499 (1,463- 1,536)
2006 2,644 2,811 (2,748- 2,873)
2007 2,448 2,560 (2,509 - 2,611)
2008 2,320 3,023 (2,977 - 3,069)
2009 2,810 2,710 (2,651- 2,769)
2010 2,686 2,635 (2,582 - 2,687)
2011 2,593 2,440 (2,387 - 2,493)
2012 1,361* 2,239 (2,169- 2,310)

*Truncated because people enrolled in second half of year wouldn’t have N
had a viral load test in 2012 and wouldn’t be included in dataset. 2014710704 @



Assessment

= Calculating the number of new treatment initiations indirectly
based upon the first viral load test was subject to some errors
based upon the timing of the first viral load in relationship to
treatment initiation.

= Excluded unlinked viral load tests likely compounded the mis-
estimation.

= Estimation based upon shorter time frames (quarterly) will be
attempted along with smoothing.

2014/10/04 @%
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There are 2 proposed ways to
calculate a Baseline CD4 Value

1. Directly applied to Therapy Edge Data

= Mean CD4 counts up to 6 months before and 7 days after treatment
initiation date.

2. Indirectly applied to Therapy Edge and NHLS Data

= Choose CD4 Count test results up to 12 months prior to First Viral Load
test.

= Calculate minimum CD4 count from the values above.
= Estimate time location of baseline CDA4.

2014/10/04 @%

.



Estimating Baseline CD4
Count Value

Treatment
Initiation First Viral Load
k
2005 (unknown date 2006 (known date) 2007
| l | y
] [ [ I
CD4 Test CD4 Test CD4 Test CD4 Test

Patient had multiple CD4 Tests—we are only concerned with tests prior to
first viral load.
Baseline CD4 Count value is minimum value of all CD4 Count tests prior to first

viral load.
We don’t know treatment initiation date, so we estimate it based upon the
Distribution of first viral loads.

2014/10/04 @



Time Location of CD4 Test

= For each patient determine time between First Viral Load and
baseline CD4 Count value using a randomly assigned time (based
on the normal distribution with mean equal to the median and
standard error equal to width of IQR)

= Calculate mean CD4 count for estimated CD4 year for entire
patient population

= Repeat 100 times and calculate mean number of initiates and
95% CI for each year.

2014/10/04 @%
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Mean CD4 Count at Initiation

Year of Treatment Directly Calculated Mean Estimated Mean CD4 Estimated Mean CD4
Initiation CD4 Count (6 months prior Count Count adjusted for time
to 7 days after Treatment of First Viral Load
Initiation)

2004 101 104 123 (118 129)
2005 113 115 119 (114 124)
2006 113 116 98 (94 - 101)

2007 120 123 120 (115 125)
2008 131 131 130 (123- 137)
2009 155 154 159 (152-167)
2010 153 168 164 (158- 171)
2011 178 197 197 (187- 207)
2012 218 246 211 (194 227)

2014/10/04 @5
A



Assessment

= Initiation CD4 count estimated from the TE data is close to both
level and trend to the directly calculated initiation CD4 count.

= Initiation CD4 count estimated from the NHLS data is close in
both level and trend to the directly calculated initiation CD4
count from the Therapy Edge dataset.

2014/10/04 @%
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Proportion Viral Load Suppression
and Failure

Year of
Test

All Years
2004
2005
2006
2007
2008
2009
2010
2011
2012

Proportion VL <

TE Data

78.4%
70.0%
72.9%
78.4%
78.5%
83.9%
86.0%
86.8%
66.0%
71.3%

400 copies

NHLS

Data Difference
77.9% -0.4%
70.2% 0.2%
79.5% 6.6%
80.0% 1.6%
76.8% -1.7%
83.8% -0.1%
85.5% -0.5%
87.2% 0.4%
66.0% 0.0%
72.0% 0.7%

TE Data

16.1%
24.7%
20.1%
18.9%
19.4%
14.0%
11.8%
10.2%
21.2%
17.8%

Proportion

NHLS
Data

16.2%
25.0%
18.0%
17.1%
20.8%
14.1%
12.2%
10.0%
20.9%
16.7%

vL O

Difference

0.1%
0.2%
-2.1%
-1.8%
1.5%
0.2%
0.5%
-0.3%
-0.3%
-1.0%

2014/10/04



Assessment and challenges

Viral load suppression and failure calculated directly from the NHLS

and Therapy Edge Databases were very close with the largest
difference less than 6.7%.

The method of calculation could have repeats of patient results and
might over represent the proportion of patients with high viral loads.

Assigning a time on treatment for each individual will make these
results more useful.

We measured the timing of viral load tests and first baseline
empirically from TE data.

What values to use when not available empirically?
High level of linked tests in this population.

How will this translate to populations with fewer tests per

t)
person: | Get another data extract from NHLS

— Probabalistic matching?

Test with two other Therapy Edge Sites




Rif Resistance in MTB positive samples

Provincial GeneXpert RIF Results (MTB Detected)

No Rif Result Total Resistant
Eastern Cape 409 1967 25234 27,881 -
Free State 262 1064 16476 -
Gauteng 241 1254 17389 m
Kwa-Zulu Natal 747 4037 42894 -
Limpopo 134 640 8245 -
Mpumalanga 116 795 7084 “
North West 150 860 10075 -
Northern Cape 130 566 8414 “
Western Cape 1083 20000 -
—1”

% Total 1. 42 7 14 90 70 O 74



% RIF Concordance by LPA or DST n=9549 (March 2011-March 2013)

Probabilistic matching: No unique identifier for patients in SA
GXP Data ending 1 Jan 2013 (DST & LPA up to 25 March 2013)

CGeneXpert Confirmation & Rif Concordance

Province i DST LPA
Resistant | Confirmed Al He— Confirmed Rif Concordance .
Cases Goncordance | analytical/ No Inderterminate
# % # % result # % # %

Eastern Cape 1459 | 22| 15%| 4 18.2% 0 86 5.9% 8l| 94.2% 0
Free Sate 838| 22| 2.6%| 8 36.4% 0 149 | 17.8% 111 | 745% 22
Gauteng 1108 | 27| 24%| 20 74.1% 0 136 | 12.3% 129 |  94.9% 0
Kwazulu-Natal 3181 | 377 | 11.9% | 368 97.6% 0 380 | 11.9% 325| 855% 15
Limpopo 478 | 15| 3.1%| 13 86.7% 0 36 7.5% 25| 69.4% 0
Mpumalanga 649 | 87| 13.4%| 86 98.9% 0 154 | 23.7% 134 | 87.0% 2
North West 523| 16| 3.1%| 15 93.8% 0 54| 10.3% 47| 87.0% 4
Northern Cape 47| 19| 43%| 12 0.0% 0 50 % 44 0,0% 0
Western Cape 866| 4| 05%| 1|  0.0% o| 757 730 3
National 9549 | 589 | 6.2% | 527 89.5% 0 1802 | 18.9% 1626 | 90.2% 46
Prepared by the NHLSCDW Team

Concordance for Rif Resistance now reaching 90%: Beyong questioning accuracy
* Algorithm adherence concerns: ~ 20-30%
« Although small numbers E. Cape now deferring to LPA.
 Western Cape is our role model: 87% adherence to algorithm, Rif Concordance 96-100%
* (only difference: two sputums collected upfront: 1 Xpert, reflex testing done by lab)
« KZN and W Cape: greatest number of confirmations: INH positivity: KZN (87.4% INH

resistance); W.Cape: (82%)




What happened when GeneXpert technology was implemented

Concept of modular format
works well for SA
Facilitates changes as sites
change volume

Flexibility of movement as
Program progresses

|
GX-1 GX-2 GX-4
N I -
.l ll

GeneXpert® GeneXpert Infinity-80
Module

No LIS configuration with NHLS, arrived with demonstration study data



Computer Challenges in the setting of the
CLI for GeneXpert

= Does diaghostic have CIC standard communication
protocol (HL7, ASTM, POCT1A)?

No interface to NHLS LIS (in-house control DISA and Track):

— Developed and implemented for all 289 analysers in the field (to smear
microscopy laboratories).

— Once interfaced, results could be uploaded and released: distributed directly to
end-user: sms, phone EMR,.

« Data all transferred to Central Data warehouse for interrogation -
M&E.

« But limited abilities for ongoing monitoring of instrument
performance: error rates, invalids, calibration issues, user issues:

« Development of a remote connectivity system (Saa$S): Low cost, no
hardware investment, concerns with data security (cloud)

 When used at the POC, middleware software had to be installed to
link to LIS.



Cloud computing

Cloud computing is emerging as a new paradigm in healthcare.
simple means of the delivery of a service rather than a product.

The main enabling technology Virtualisation is the ability to allow the system to
operate independently of the hardware.

From the Cloud via the internet, one can provide information to other users of
hardware or software

resources can be shared within and between organisations to improve economies
of scale. Data can be transferred in a computer network that is able to
compartmentalise your needs.

Advantages cited include increased speed, flexibility and a reduction in costs and
labour.

New work suggests the use of the “mobile cloud” which combines the use of
mobile devices and the cloud (PDA’s, smart phones etc.).

The cloud provides an affordable outsourcing model for whoever has dynamic
needs for scalable computing.

Cloud computing could facilitate global disease surveillance




GeneXpert remote monitoring: |
Cepheid/NHLS under developme”.

Reports by week
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Alpha and beta testing completed, National Priority Program

Gx verification (on
installation, module
maintenance) and EQA 3 x
per year, but third quality
monitoring component =
real time monitoring.

= Operational dashboard for
real-time monitoring of
results, errors, resistance
and positivity rates

= Pre-configured on all
newly installed
GeneXperts

Higher
error rates
at first
testing

High staff
turnover and
staff task shifting



Con nectivity at POC Centralised data for decentralised testing

Secondary network

HL7/ASTM Bi-directional
[POCT+-A Communication

"'-u-..

Propnetary

- Acknowledgement: Brad i

SRR LSRR Cunningham

AAA °

)
Riilgyf Connectivity for multi-disciplinary PO MI DDLEWARE

' Host laboratory

‘":‘;';';:‘r‘::::;m | Available Options for POC Connectivity
’ information system
Data
| Instrument Result Visit
HLT/ASTM - ELEASTM ------- HL7/POCT1-A gztneanﬁ:ment ﬂ Interfacing | L Managfmon Mana?omon

AegisPOC Extensive Yes Yes Y,es Yes
POCcelerator  Extensive Yes Yes ‘,/vves Yes
Cobas IT “Limited Yes Yes ‘;’ Ilo Yes
e Identicare Development N R Yos. “ Yes
Instrument Ty e No No i Yes Yes
communication ~ Fd9¢ A J
protocols eKAPA None. ‘ No No \ Yes Yes 4 . Yes Yes

Instrument and Data Management <

Patiant Mananamant
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Free (generally) High cost — but high cost saving



Program design

We believe there are four primary
measures:

1. Coverage, i.e. equitable

access

2. Quality, i.e. the number of

good, valid tests

3. Capacity, i.e. can we do

enough tests

4. Cost, i.e. delivered in a cost
effective way

We found they are all connected In

some way

« Accurate GIS Mapping .
Accurate volumes 2" ¢
Site and logistics

®
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