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ABSTRACT

The purpose of this study was to develop a laboratory based Comprehensive Care,
Management and Treatment of HIV and AIDS (CCMT) programme status reporting
system using a methodological research study design. Quantitative data was collected
using a request form and qualitative data was collected using structured
guestionnaires. For the study 1190 eligible CD4 samples were received, of which 1004
(84%) had a valid CCMT programme status. Overall 32% of the CD4 samples had a
pre-ART status (n=383) and 52% had an ART status (n=621). The remaining 16% of
CD4 samples (n=186) did not have a valid CCMT programme status. A pre-ART
register was generated and assessed using a structured questionnaire. Based on the
study findings a recommendation has been made to adopt the two-tick design for all
NHLS request forms where programmatic data is collected. Additionally the CCMT
programme status reporting system is recommended for rollout to other health
districts.
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CHAPTER 1: ORIENTATION TO THE STUDY

Human Immunodeficiency Virus (HIV) infection and Acquired Immune Deficiency
Syndrome (AIDS) are one of the main public health challenges facing South Africa. It
is estimated that of the 33.3 million people living with HIV worldwide in 2009, 67% are
from Sub-Saharan Africa (22.5 million), of which 25% (5.3 million or 11% of the SA
population) reside in South Africa (Rehle, Hallett, Shisana, Pillay-van Wyk, Zuma,
Carrara and Jooste 2010:1).

In 2003 the South African government initiated the Comprehensive Care,
Management and Treatment of HIV and AIDS (CCMT) programme. The National
Department of Health (NDOH) outlined its plans to extend the HIV & AIDS and STI
Strategic Plan for South Africa 2007-2011 (NSP) (NDOH 2009:10) in 2007. The
primary aim of the NSP was to reduce HIV incidence by 50% and to expand access
to treatment, care and support to 80% of people who need it by 2011 and beyond
(Rehle et al 2010:1).

In April 2010, to strengthen its response to the HIV epidemic, the NDOH launched an
HIV Counselling and Testing (HCT) Campaign that aimed to test 15 million individuals
by July 2011 (SANAC 2011). The objectives of the HCT campaign are to mobilise the
South African population to know their HIV status, provide key prevention messages
to promote healthy lifestyle choices irrespective of HIV status, increase the incidence
of health seeking behaviour, and to increase access to treatment, care and support
(Red Ribbon 2011). By December 2012, the DHIS reported that 2 million people were
enrolled on ART in South Africa (Magoro 2013).

Indicators were developed to manage and generate reports on the roll out of ART in
South Africa for the monitoring and evaluation (M&E) of the CCMT programme. These
included the proportion of patients starting ART with a CD4 below 50 and the number
of CD4 tests performed pre-ART as a percentage of HIV infected patients (NDOH
2009:113) The introduction of the Monitoring & Evaluation Framework for the NSP
(NDOH 2009:105) further strengthened HIV M&E efforts. Specific M&E indicators have

subsequently been routinely collected using a combination of a paper based (at facility



level) and aggregate reporting (at health district level) using the District Health
Information System (DHIS). Despite the presence of electronic systems existing at
facility level, data is not integrated into a national M&E reporting system. Sites using
paper based data systems are even more difficult to manage as data completion is
erratic with low data completion rates despite efforts to provide training (Garrib,
Stoops, McKenzie, Dlamini, Govender, Rohde and Herbst 2008:550). There is no
recorded formal NDOH database with ART enrolment data or patient follow-up
records. Only limited data sources are available to correlate the data collected by the
paper-based pre-ART registers e.g. the ART enrolment numbers related to the supply

of ART medicines for examples.

According to Rosen and Fox (2011:7), in Sub-Saharan Africa, a median of 55% of
patients that had a positive HIV test reached the study endpoint, which consisted of a
repeat CD4 count, ART initiation, 12 month follow-up visit or data censoring. This study
emphasized the importance of reporting tools to assist facility managers to identify
potential pre-ART loss to follow-up. The high pre-ART loss to follow-up during CD4
screening poses a major programmatic challenge that could be addressed with

improved pre-ART M&E reporting and programmatic interventions.

The National Health Laboratory Service (NHLS) developed a national database of
laboratory results which has indirectly provided valuable information about the
numbers of patients accessing the CCMT programme in South Africa. This is possible
because each NHLS CD4 laboratory has a Laboratory Information Management
System (LIMS) enabling capture of patient demographics, details of referring health
facility and CD4 results. The LIMS at each laboratory replicates this information daily
to the Corporate Data Warehouse (CDW) which is based at the NHLS corporate head
office. This stored data currently provides the NDOH with specimen level laboratory
data for the CCMT programme. However, CD4 laboratory records do not differentiate
between CD4 testing performed at the time of HIV Voluntary counselling and testing
(HCT) /pre-ART screening versus those same CD4 tests that are used to monitor
patients already enrolled on ART. The ability to track individual patients, who are
accessing HIV care for the first time versus those who are subsequently followed on
wellness programmes or enrolled onto ART, would provide a valuable tool to review

numbers of new patients accessing the public health care system, a means to provide



some information about loss to follow-up and give an indirect indication about

programmatic performance.

Unfortunately the absence of unique patient identifiers (a unique number or code
which would identify a single patient irrespective of where the patient presented
him/herself for counselling or treatment) in the existing NDOH system makes

identification of patient programme status and longitudinal review difficult.

Therefore, in the absence of such unique patient identifiers, this research study aims
to establish a system whereby patients CD4 results can be identified as first or
subsequent-visit CD4 counts linked to patient samples. Information including clinical
data about the patients status in the CCMT programme on the laboratory request form
would be invaluable e.g. HCT, first ever CD4 count, not yet on ARV’s and on ART, will
be collected on the LIMS, with the CD4 count, and accessible for data review within
the CDW.

The aim of this report was to develop a system to characterise CD4 as described
above. To achieve the objectives of this research study, the CCMT programme status
information was incorporated into the laboratory request form linked to request for CD4
enumeration, with training provided to both health care workers (on how to complete
the request forms) and laboratory data capturers (on the capture of the programme
status information on the LIMS). Specific capture fields were set up on the LIMS to
facilitate easy data capture of the CCMT programme status. Throughout the project,
regular follow-up visits and feedback sessions with the health facilities and laboratories
were conducted to ensure data quality. Data was extracted from the CDW and
analysed using Excel and Stata software. To protect the identity of patients, patient

identifiers were not included for the study.

1.1 Research problem

The absence of a national electronic HIV M&E system to monitor CD4 patient data
characterised according to their pre-ART and ART status in the CCMT Programme

prevents the NDOH from monitoring the impact of their HCT campaigns. A system is



needed which will facilitate monitoring number of patients accessing the system for
the first time versus those enrolling onto ART or during follow-up. Meaningful analysis
of this data will facilitate the analysis of CD4 data for both patients accessing the HCT
campaign and those already enrolled in ART care (wellness programs or treatment).

1.1.1 The source of the research problem

No national M&E data system currently exists to monitor CD4 data for patients in the
pre-ART and ART components of the CCMT Programme. While CD4 laboratory data

is reported, the ability to report the data by CCMT Programme Status is not available.

1.2 Background to the research problem

The initiatives of the CCMT Programme have led to increased access to ART in South
Africa. The rapid scale up of ART provision in South Africa resulted in two million HIV
infected individuals being placed on ART by December 2012 (Magoro 2013). Despite
the large scale HIV testing campaign initiated in 2010 to accelerate HIV diagnosis, as
well as raising the CD4 treatment eligibility to 350 cells/ul, patients are still presenting
at a very late stage of their iliness for ART initiation (Rosen and Fox 2011:2). A local
study utilising HIV treatment and care programme data, reported a median CD4 cell
count 263 cells/ul at first presentation and 145 cells/pl prior to ART initiation (Lessells,
Mutevedzi, Cooke, and Newell 2011:79). Another local study, conducted in the rural
uMkhanyakude district, longitudinal population-based HIV and health surveillance was
conducted to assess the variability of CD4 counts in the general population. This study
reported that the median CD4 count was 775 cells/ul for HIV-uninfected individuals vs.
374 cells/pl for HIV-infected individuals (Malaza, Mossong, Barnighausen, Viljoen and
Newell 2013:4)

Failure to link patients from HIV testing to HIV care (CD4 test, ART, etc.) is now
recognised as the key factors leading to late presentation for ART enrolment (Rosen
and Fox 2011:2).



The study by Clouse, Pettifor, Maskew, Bassett, Van Rie, Behets, Gay, Sanne and
Fox (2013:39) reviewed retrospective clinical records at the Witkoppen health and
welfare centre to compare the retention of patients at three stages of pre-ART care
and two stages of ART care. The aim of their study was to identify when the greatest
attrition occurred between HIV diagnosis and treatment on ART (Clouse et al
2013:39). Three stages of pre-ART care were defined. (i) The pre-ART stage one
category was for patients that had completed CD4 staging within three months of HIV
diagnosis (Clouse et al 2013:41). (ii) The next stage was pre-ART stage two category
that included all patients that were not eligible for ART (based on their CD4 result) who
completed their CD4 test within 12 months of the first CD4 staging date (Clouse et al
2013:41). (iii) The pre-ART stage three category was for patients that had been
initiated on ART within three months of an eligible CD4 count. The patient retention
rates for the three pre-ART categories were 69.8%, 57.4% and 36.9% respectively
(Clouse et al 2013:41).

This study demonstrated the poor level of pre-ART retention in care. Retaining patents
in HIV care from the time of testing HIV positive through to lifelong ART is critical for
getting patients onto treatment promptly and preventing the morbidity and mortality

associated with disease progression (Clouse et al 2013:41).

In 2008, the World Health Organisation (WHO) proposed the deployment of a pre-
ART/ HCT register, in addition to ART register, to improve the linking of patients in HIV
care (WHO 2006:58). Paper-based pre-ART/HCT and ART registers were introduced
in South Africa in 2010 and data is reported at the health district level on the
Department of Health Information System (DHIS). Data entry is however labour
intensive on this existing system and is not integrated into a national database. Locally,
results from a study at the Themba Lethu Clinic (TLC) in Johannesburg, reported that
only 51.3% of HIV diagnosed patients eligible for ART had completed CD4 testing
within 12 weeks of their initial HIV test (Larson, Brennan, McNamara, Long, Rosen,
Sanne and Fox 2010:677).

A recent study by Mate, Bennett, Mphatswe, Barker and Rollins (2009:3) in the
KwaZulu-Natal province found that the DHIS data was incomplete in approximately

50% cases and that critical PMTCT data elements being studied, including CD4 testing



of HIV positive pregnant women and HIV PCR test of babies born to HIV+ women at
6 weeks or later, were missing from the clinic registers in 5 to 41% of cases (Mate et
al 2009:3).

The existing CCMT request form of the NHLS (Form 3 Page 95) was deployed in the
Gauteng, North West, Limpopo, Mpumalanga and Free State provinces in 2006. This
request form was designed to include a programme status data collection tool,
however the implementation was mainly focussed on utilising this request form for
billing purposes (conditional grant). The Western Cape and Eastern Cape provinces
were using alternative versions of the current NHLS CCMT request form (Form 3 Page
95). In 2012, the NDOH and NHLS agreed to develop a national CCMT request form
(Form 4 page 96) that would be used throughout the public health care system and
would be designed to collect the CCMT programme status data in a standardised
manner. Additionally, the LIMS used within the NHLS would utilise specially designed

test methods to collect this programme status data using standardised LIMS codes.

The use of the new CCMT request form (Form 4 page 96) and the LIMS will provide a
more robust and reliable M&E system to identify whether CD4 testing is being
performed for pre-ART screening or ART monitoring. This data is required to track the
linkage of care from HCT to CD4 testing and finally to ART provision. This information
will provide the NDOH with valuable information on the number of patients being tested

(CD4) following HCT versus those who are receiving ART.

The new CCMT request form (Form 4 page 96) was developed by the NHLS, in
consultation with the NDOH, as part of a process to propose and design national
laboratory request forms for use in the public health sector. The primary health care
(PHC), hospital and national programme forms were developed. This study evaluated
the new CCMT request form (Form 4 page 96) (national programme request form).



1.3 Aims of the study

1.3.1 Research purpose

The purpose of this study is to develop laboratory based CCMT Programme Status
reporting system through the use of specific modifications to the current CCMT request
form (Form 4 page 96) and thereafter, to the NHLS LIMS to enable appropriate capture
of the CCMT programme status for CD4 samples. The information will be used to
generate supplement exiting M&E reports to assist programme management at the
health facilities. These reports will help the health personnel at the facilities to
differentiate between CD4 counts taken before the patient commenced treatment (i.e.
pre-ART screening) and those CD4 counts taken later during patient follow-up that are
used to assess response to treatment (i.e. ART monitoring. The data generated by the
study will help the facility manager to plan for and anticipate new patients who are
likely to be eligible for enrolment onto ART programmes based on the CD4 median of
the pre ART group. Once implemented across all health districts this data could be
used at a national level to make relevant programmatic decisions about the extent of

patients eligible for care and at which sites these patients are presenting.

1.3.2 Research objectives

The study will develop the laboratory based CCMT Programme Status reporting
system to answer the following objectives in a limited cohort:-

e Establish the impact of use of the tick box system for the capture of the CCMT
programme status.

e Establish the median CD4 for ‘pre-ART’ and ‘ART CCMT’ programme status
groups as an indirect indicator of overall patient programmatic immune status.

e Establish the percentage of patients with pre-ART and ART programme status
categories as a percentage of total CD4 samples received, to define eligibility for
treatment.

e Establish the proportion of patients eligible to start ART with a CD4 count below
50.



e Establish the number of patients that were eligible for ART, but not yet enrolled
onto treatment programmes.
e Establish the usefulness of the laboratory pre-ART register (assessed with a

guestionnaire).

The study will also provide insight on the provision and capture of the CCMT
Programme Status information. This insight will enable the researcher to develop
practical guidelines for the implementation of the CCMT Programme Status reporting

system to other health districts.

1.4 Significance of the study

The outcomes of this study will improve how the CCMT programme is managed at the
district and facility level by providing information on whether patients are accessing
the system for first or subsequent visits during ART. Potentially, it can assist facility
managers to improve the health facility utilisation and reduce loss to follow-up. Overall

the ultimate outcome of the study will be improved patient care.

1.5 Definition of terms

Antiretroviral Therapy (ART): Standard antiretroviral therapy (ART) consists of the
combination of at least three antiretroviral drugs to maximally suppress the HIV virus
and stop the progression of HIV disease. Patients that are enrolled in the CCMT

programme are receiving Antiretroviral Therapy.

Pre-Antiretroviral Therapy (Pre-ART): Patients that are diagnosed as HIV positive
but not yet eligible for ART enrolment. The eligibility for ART enrolment is determined

either through a clinical assessment or by a CD4 count below 350.

Register: A document used at the health facility to capture all the information about a
patient’'s pre-ART care, for example. The Pre-ART register documents the basic
demographic and clinical information about patients with HIV attending a health facility.

The register will be kept in the health facility and allows the health care worker to



monitor the progression in the CD4 count for each patient, and the demand for ART

to be anticipated.

Programme Status: is the status of a patient in the continuum of HIV care. The
programme status aspects relate to the status of the patient once diagnosed with HIV.
The programme status categories include HIV diagnosis (at an HCT or PMCTC

service point), CD4 staging for ART enrolment and currently on ART treatment.

HIV counselling and testing (HCT) (also known as VCT): describes voluntary
counselling and testing. An individual can on a voluntary basis decide to take an HIV
test that is performed confidentially. The individual must receive counselling before
and after the HIV test. The South African government launched an expanding access
to HIV counselling and testing that is seen as a critical gateway to HIV prevention as
well as providing appropriate treatment and care for people who are already infected.
This massive testing campaign was initiated in April 2010 and aimed to test a total of
15 million people throughout South Africa by the end of June 2011.

Laboratory Information Management System (LIMS): A laboratory information
management system (LIMS) is a series of computer programs that processes, stores
and manages laboratory data at all stages of the testing procedure. This kind of
information system 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 quality control performed as well as management

reporting and storing of patient results.

National Health Laboratory Service (NHLS): The NHLS is the largest diagnostic
pathology service in South Africa with the responsibility of supporting the National and
Provincial Department of Health in the delivery of healthcare. The NHLS provides
laboratory and related public health services to over 80% of the South African

population through a national network of 265 laboratories.

National Department of Health (NDOH): is a national department in the South
African government with a mission to improve health status of the population through

the prevention of ilinesses and the promotion of healthy lifestyles. The NDOH aims to
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consistently improve the healthcare delivery system by focusing on access, equity,
efficiency, quality and sustainability through the delivery of health care services at

public health care facilities across the country.

Health District: The nine provinces of South Africa are divided into 53 health districts.
The health districts focus on issues related to the general health of the population at

district and provincial level.

District Health System (DHS): is the organisation of health care according to
geographic sub-divisions of a country (health districts), which are managed through a

decentralised management structure.

CD4 Count: Along with other tests, the CD4 count indicates the status of the patient’s
immune system, the stage of HIV/AIDS disease, acts as a guide to determine eligibility
for treatment and predicts how the disease may progress. The CD4 Count is a
laboratory test performed on a sample of blood drawn by venepuncture, using the
PanLeucogate (PLG) CD4 test method as standardized test (Glencross, Scott, Jani,
Barnett and Janossy 2002:73)

1.6 Conceptual framework

The conceptual framework was derived from the published literature relating to the
M&E systems required for the CCMT Programme. Various key concepts have been
identified as elements that feature as central to the CCMT M&E system. A conceptual
map was used to illustrate relationships between the different concepts (refer to
Annexure K Page 157).

1.6.1 Key components of a CCMT Monitoring and Evaluation (M&E) System

An effective well-functioning CCMT M&E system relies on various inputs to determine
what data will be generated as outputs. The inputs into the system guide what will be
measured as well as how they will be reported. An example of such input is the tiered
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ART M&E implementation plan that defined standardising ART monitoring at health
facilities as well as district and provincial management, that would track and respond
to the expansion of ART services (NDOH 2011e:7).

The CCMT M&E systems depend on clear government policies to direct health care
interventions. For example the District Health Management Information Policy guides
the long term M&E goals of the NDOH to develop a National Health Management
Information System (NHMIS) (NDOH 2012a:10). The NDOH policies and guidelines
determine the M&E data to be collected as well as the indicators to be reported. The
NDOH, via the NIDS process, develops the health indicators and associated data
elements that must be reported (NDOH 2012a:19). The health care workers are the
enablers that implement the policies and guidelines into health care practices and

facilitate the collection of data using the M&E data systems.

The CCMT programme regularly updates its clinical guidelines, which guide how
health care provision is offered throughout the country by health care workers, i.e. the
new antiretroviral treatment guidelines that were released in 2010 (NDOH 2010:1).
This change introduced access to ART for all HIV-infected infants, pregnant women
and people with TB and HIV at CD4 less or equal to 350 cells/ul (NDOH 2010:8). This
guideline changes required the M&E system to modify indicators to reflect the changes
in the ART enrolment criteria. Therefore guidelines facilitate the implementation of
government policies into routine health care provision, whereby trained health care
workers execute the new plans (such as ART provision). The M&E units also release
new data tools, such as the pre-ART register, to update data reporting systems and
cater for the new national indicator dataset (NIDS) reporting requirements (NDOH
2012a:19).

The M&E systems require competent and trained health care workers that are able to
utilise the data tools such as the tiered ART system M&E framework, DHIS and pre-
ART register to deliver the required data at the facility level. For the tiered ART M&E
implementation plan the district implementation teams are required to perform a facility
assessment prior to implementation. This assessment will establish whether there has

been a delegation of responsibility from the facility manager to existing data staff to



support the data capturing. Additionally the plan requires that facility manager
understands the process that is underway, the importance of folder flow, clinical
stationery and its management, and the data that is generated from the monitoring
tool (NDOH 2011e:11). Extensive training of health care workers is discussed in the
tiered ART M&E implementation plan including “train-the-trainer” sessions, district
implementation training, training for health care workers on the new standardised
based systems, as well as training on how to use the information for both programme
management and reporting (NDOH 2011e:21-27).

A data system comprising of paper based and electronic data collection systems form
the next key component of a CCMT M&E system. The most common data system
used is nurse or clinician based notes following a patient encounter. These clinical
notes are captured by the health care worker during patient visits. The next level of
data systems is the paper based register that has been designed for a specific
purpose, e.g. pre-ART or malaria register. The pre-ART registers identifies all patients
that had a HIV positive test result but are not yet eligible for ART enrolment. The next
step is the move to an electronic system to collect patient data. These electronic
systems are customised to meet a specific need. In a hospital setting, the Hospital
Information System (HIS) would be employed, and in special disciplines within a
hospital, data systems such as the Laboratory Information System (LIS) and Radiology
Information System (RIS) may be used (Shortliffe and Cimino 2006:453). At a health
facility level various electronic medical record (EMR) systems may be used (Shortliffe
and Cimino 2006:503). The tiered ART M&E system is an example of an EMR. In
many countries data from multiple electronic systems are integrated into an electronic
health record (EHR) that integrates all patient data from multiple systems into a single
system (Shortliffe and Cimino 2006:453).

The data collected from paper based and/or electronic systems is often aggregated
and captured using a national district health information system (DHIS). All of the data
systems described allow for the collection of data to facilitate M&E. The DHIS was
introduced in the South African public health sector in 1994 as the national standard
system for the capture, storage, analysis, and reporting of routine health data (NDOH

2012a:11). The DHIS provides a large proportion of the information used for planning,



budgeting, health service management, M&E at all levels of the South African health
care system. This aggregated data is used for indicator and related target reporting
(NDOH 2012a:11).

Clinical
Guidelines

NDoH Policies CCMT Monitoring || |
&Evaluation System

M&E Data Systems DHIS
Competent and Trained Aggregate

Health Care Workers Paper Registers (non-electronic) Indicator

Patient Record Systems, e.g. EHR, Tier 13, etc Reporting

Laboratory data systems, e.g. LIMS, CDW, etc

Figure 1.1: Conceptual framework for CCMT M&E Systems

All of the components of the conceptual framework for the CCMT M&E system
contribute to determining the data to be collected. The conceptual framework
described above represents the ideal CCMT M&E systems. The current South African
CCMT M&E systems do not meet these ideals as current electronic patient record
systems are not universally used by the majority of health facilities as they are either
using paper based registers or non-networked current electronic patient record
systems. Additionally data collected by the existing NHLS laboratory information
system is not integrated into the CCMT M&E system. For the ideal CCMT M&E
systems data needs to be available to flow from the M&E systems to the District Health

Information System, and between the different M&E data systems.

1.7 Scope of the study

The study was undertaken in one health district in the Gauteng province. Three
hospitals in the Ekurhuleni health district were selected based on CD4 test volumes.
The study required health care workers to complete the new CCMT request form

(Form 4 page 96) and submit them to their local laboratories. At each laboratory the



CCMT programme status was captured in the Laboratory Information System (LIMS)

by data capturers.

This study was designed to develop an electronic M&E system to report the CCMT
programme status for CD4 results using the new CCMT request form (Form 4 page
96). The CD4 results and CCMT programme status data was captured in the LIMS
and then replicated to the CDW, from which data was extracted.

The candidate led the research project, planned and coordinated all the study activities
such as designing the data collection instruments, providing training for health care
workers and laboratory staff as well as conducting follow-up visits. The dissertation
will provide quantitative data collected using the new CCMT request form (Form 4

page 96).

1.8 Structure of the dissertation

The dissertation is structured into chapters, the first being the orientation to the study

(this chapter).

The literature review chapter (2) identifies and critically evaluates the available
information in the form of journal articles, books and National Department of Health

policies.

In the research design and methods chapter (Chapter 3), the research population and

sample as well as the sampling approach used is described.

The next chapter (Chapter 4) describes the analysis, presentation and description of
research findings. This chapter outlines the research findings of the study and data is

presented by means of tables, graphs and histograms.

The final chapter (Chapter 5) is the conclusions and recommendations chapter that
reports the findings of the research in relation to the research problem and problem

statement.






CHAPTER 2: LITERATURE REVIEW

2.1 Introduction

This chapter will discuss the related literature reviewed for this study which outline key

the concepts.

2.2 Purpose of the literature review

The purpose of the literature review is to identify and critically evaluate the available
information available at the time of writing this dissertation, in the form of journal

articles, books and National Department of Health (NDOH) policies.

2.3 Scope of the literature review

The NDOH policies, reports and documents were searched to identify current and new
HCT and ART M&E systems.

Additionally a literature search was requested from the UNISA library to identify
literature sources for the following keywords; “HIV Programme Status”, “Pre-ART
Register”, “First ever CD4”, HIV Counselling and Testing”, “Baseline CD4”, “CD4

Median” and “Request form”, “HIV M&E”. The Google scholar search engine was also
used to search for literature using the keyword “laboratory register”. Additionally the
Google scholar search engine was used to search for literature articles for the

keywords above.

The literature review is presented according to the following headings:-

e development of a tiered ART M&E framework in South Africa
e the pre-ART register
e development of a National Health Information Network (NHIN)

e current challenges with collecting ART data using paper based systems



e current challenges with collecting ART data using electronic medical record
systems
e the laboratory register

e development of a national laboratory based data repository

2.4 Development of a tiered ART M&E framework in South Africa

The NDOH set a goal in 2008 to integrate health record systems in the country by
bringing together all the different health information systems facilitating access to

health records within a province and across provinces (NDOH 2008:7).

In a review conducted by the NDOH in October 2010, over 40 different ART patient
management systems and various non-standard non-networked M&E systems were
identified in the public health sector (Pillay, White and McCormick 2012:77). This
identified the lack of standardisation of data collection and reporting for ART provision
in South Africa. The study further identified the use of multiple versions of clinical
stationery. In May 2010, the NDOH adopted standardised registers and clinical
stationery to assist with capturing and tracking ART patient information
at health facilities (Pillay et al 2012:77).

On the 1%t of March 2011, the NDOH HCT Campaign and ART Expansion update to
provinces and districts announced that a three tiered ART monitoring strategy would
be introduced that would comprise of a paper based system (known as Tier 1), a non-
networked electronic register (known as Tier 2) and finally a fully networked electronic
patient register (known as Tier 3) (NDOH 2011c:3-6).

According to the NDOH, this strategy would enable health facilities to manage their
ART patient data with the system that best suits their context (2011c:2-4). Tier 1
consists of a non-networked, non-electronic paper based system that will utilise
standardized clinical stationery and the standardized paper-based registers to collect
information for the NDOH CCMT monthly and quarterly reports (NDOH 2011e:16).

The next tier, Tier 2, is a non-networked electronic stand-alone system that uses an

electronic register identical to the paper-based registers used in Tier one (NDOH



2011e:17).The final tier, Tier 3, is a fully networked electronic patient management
system that has some additional functionality such as the ability to import electronic
patient information. This could be considered to be a module of the longer term EHR
strategy (NDOH 2011e:15).

The NDOH identified that to implement this strategy they would have needed to
consider the system requirements for space, infrastructure, networks, staffing, registry
management and standardised clinical stationery (NDOH 2011e:15). In April 2011,
the NDOH released the tier T1 and tier T2 ART M&E implementation plan (NDOH
2011e:1). This plan described how provincial and health district implementation teams
would deliver a tiered ART monitoring strategy. It outlines the specific set criteria that
will assist in selecting the appropriate monitoring systems based on number of patients
on ART at a health facility, implementation of standardised clinical stationery, folder
management and staffing (NDOH 2011e:15).

The NDOH tiered ART M&E implementation plan states that standardised clinical
records are the most basic of clinical tools and they are the international standard of
care in chronic disease management. Standardised records support the clinical
management of patients and provide the source data to data capturers for the routine
monitoring of patient enrolment and clinical outcomes (NDOH 2011e:14). The
minimum set of standardized stationery that will be used for the tiered ART M&E
system includes the patient summary, visit summary, patient card and laboratory
results forms (NDOH 2011:14).

The DHIS in South Africa consists broadly of two parts, the first being data collection
at the health facility level and followed by the analysis of the data (Garrib et al
2008:550). The DHIS aggregate data is collated at the sub-district or district level from
reporting health facilities and entered using the DHIS software (Garrib et al 2008:550).
The aggregate DHIS data was analysed, and reported at the district, provincial and
national levels (Garrib et al 2008:550). In this way the three tiers of the tiered ART
M&E framework generates data into the national DHIS data set used by the NDOH for
M&E of health services (NDOH 2011e:23). According to the tier T1 and tier T2 ART
M&E implementation plan, the DHIS is the primary repository for reporting routine
health services data (NDOH 2011e:23).



The NSP 2012-2016 has set a target to complete the rollout of the tiered ART M&E
system for ART 2013/14 (NDOH 2011d: 50). Furthermore the NSP calls for a clear
M&E framework that would require a single national unique patient identifier that would
facilitate improved M&E, seamless transfer of patient information, improved referral
and tracking, decreased duplication of laboratory and radiological investigations, and

harmonisation of information systems (NDOH 2011d:44).

By March 2013 the NDOH had 10 health facilities fully implemented at Tier 3 which is
the fully networked electronic patient register (White 2013). In South Africa, 1361
health facilities offering ART are eligible to implement Tier 2 (non-networked electronic
register) as they have 500-2000 patients currently enrolled on ART (White 2013). By
March 2013, a total of 887 (52.9%) eligible health facilities were implementing Tier 2
(White 2013). Additionally there were 654 health facilities not eligible to implement Tier
3, that were allowed to start implementing Tier 2 (White 2013). All the health facilities
implementing Tier 2 were classified into seven stages of implementation with “Tier
Phase 0” indicating that these sites were preparing for implementation. To achieve the
final phase of implementation, “Tier Phase 6”, health facilities should have completed
data signoff to be considered as a live site (White 2013). By March 2013 of the 1361
Tier 2 eligible sites, 43.5% (n=593) had reached the final Tier Phase 6 level of
implementation (White 2013). All the health facilities that have reached Tier Phase 6
would be able to utilise the application for cohort reporting whereby patients can be
followed up over time (White 2013).

A major challenge for the tiered ART M&E strategy is that most health facilities in
South Africa have only deployed either Tier 1 or Tier 2, with only 10 health facilities
using Tier 3 (White 2013). A local study by Sorensen et al (2008:39-40) highlighted
that with the exception of the major Health Information System (HIS) or Electronic
Health Record (EHR) systems in South Africa, none of the ICT systems were ready to
be deployed in the country as a whole. They (Sorenson et al 2008:40) concluded that
paper based and ICT systems would coexist in South Africa for some time to come.
Until the majority of health facilities offering ART have transitioned to Tier 3, it would
be difficult to make the progression to a national EHR.



The NDOH tiered ART M&E framework, once fully implemented would achieve the
standardisation of ART records for the routine monitoring of patient enrolment and
clinical outcomes in South Africa. The tiered approach also allows health facilities to
develop their exposure to M&E systems by transitioning from Tier 1 to Tier 3 in a

phased approach.

2.5 Pre-ART Register

For patients not yet eligible for ART (pre-ART), the tiered ART M&E framework does
not apply. Instead these patients will be monitored using facility based pre-ART paper
registers. Some of the paper based monitoring systems used to capture health
information for patients include the pre ART register, ANC register and TB card and
registers (NDOH 2011b:24). The NDOH Clinical Mentorship Manual for Integrated
Services was developed in 2011 (NDOH 2011b:1). This document lists that the HIV
care/ART card, pre ART and ART registers are used for patient monitoring in HIV care
(NDOH 2011b:25). The ART card will be replaced by the standardized stationery
utilised by the tiered ART M&E system, however the pre-ART register will still be
utilised by health facilities (NDOH 2011e:14).

The Pre-ART register should therefore be used by health facilities to record all patients
who are enrolled in HIV care and counted as enrolled in HIV care (WHO 2006:58).
Data will be recorded in the pre-ART register until the patient starts ART (WHO
2006:58). The ART register is only used when patients start ART (WHO 2006:58). The
data from the pre-ART register will be collated and reported using the DHIS.

Patients may attend a health facility for more than one condition that requires tracking
using several patient cards. Consequently linkages need to exist between information
reported for HIV care and cards or records for family planning, TB treatment, antenatal
care and PMTCT. This is achieved through the use of transfer forms to facilitate
referrals between services (WHO 2006:58). The challenge with the pre-ART register
is that it does not form part of an electronic M&E system as the data is collated from

paper registers and reporting on the DHIS.



2.6 Development of a National Health Information Network (NHIN)

Early in 2012 the NDOH released an ambitious plan for the creation of National Health
Management Information System (NHMIS) which builds on the tiered ART M&E
strategy (NDOH 2012a:10). The NHMIS plans to integrate data from the source
systems such as the tiered ART system and DHIS (NDOH 2012a:10). The NDOH
envisages the NHMIS consisting of at least five key components: population-based
information, health services based information, health resources records, vital
registration data and finally transversal (government-wide) support systems (NDOH
2012a:10). To develop such a system, the health sector would have to collaborate with
other government departments such as the Home Affairs Department, Statistics South
Africa (STATSSA) and private health sector organisations (NDOH 2012a:10). They
would also have to liaise with the suppliers of the existing public sector health

information systems currently in use in South Africa (NDOH 2012a:10).

In order for the NDOH to deliver on the NHMIS strategy they would have to start
developing the National Health Information Infrastructure (NHII). According to Detmer
(2003:2), the NHII is the means by which the quality of health data, information and
knowledge, used to support decisions at all levels and in all domains of the health
sector, can be improved. Shortliffe and Cimino (2006:578) describe that the aim of a
NHII is to provide access to anytime and anywhere health care information at the
health facility level. To achieve NHII, electronic patient information needs to be
collected and stored at each health facility (Shortliffe and Cimino 2006:485-486).With
NHII, whenever a patient presents for care, the various existing electronic patient
record systems can be located, collected, integrated, and immediately delivered to
guide clinical decisions (Shortliffe and Cimino 2006:573).

There are significant barriers and challenges to the development of NHII which include
ensuring the confidentiality of electronic medical records, lack of interoperable
standards for health information systems (HIS) data interchange, funding for health
care information systems as well as legal and regulatory barriers (Shortliffe and Cimino
2006: 575-576). Additionally an electronic health record system is not in place at every

public health facility to provide the data to populate the NHIN.



Despite the complexity and cost of developing an NHII, the long term goal for the
NDOH would be to develop the required infrastructure to deliver on the NHMIS
strategy. In summary the NHII has the potential to transform health care by improving
health care quality, reducing health care costs, preventing medical errors, improving
administrative efficiencies, reducing paperwork, and increasing access to affordable
health care (Sittig, Shiffman, Leonard, Friedman, Rudolph, Hripcsak, Adams,
Kleinman and Kaushal 2005:1).

The majority of health facilities in South Africa would need to migrate to networked
electronic patient record systems that would support HL7 data interchange and start
using a national unique patient identifier to enable cohort analysis. Additionally the
health care systems would need to be linked to systems such as the home affairs to
validate national identity numbers. In South Africa it means that the health
infrastructure would have to be substantially strengthened to support the NHII

requirements for NHIN.

2.7 Challenges with collecting ART data using paper based systems

The quality of ART data collected for national priority programmes is critical as national
policy changes are based on the analysis of the aggregated data reported by the DHIS.
The decision by the national programme manager to increase the ART eligibility
criteria, based on a CD4 count, must be based on good quality data. Incorrect

decisions based on poor data could burden the entire public healthcare system.

In 2009 Mate et al (2009:1) conducted a study to assess the completeness and
accuracy of data reported for six key PMTCT data elements at health facilities in three
districts in the KwaZulu-Natal Province. The study reported large variations in the
completeness of data reporting for each of six PMCTC data elements on the DHIS
(Mate et al 2009:3). The analysis of data accuracy for all six elements revealed that
the clinic registers were missing data between 4.5% and 41.0% of the time (Mate et al
2009:3). Their study highlighted the major flaws in the collection and reporting of
PMTCT data at both the facility level (paper registers) and on the DHIS (Mate et al
2009:4).



Shortliffe and Cimino (2006:30-31) reported that any data collection system that relies
on the manual capture of information onto datasheets that are later transcribed into
computer databases for analysis, is both labour intensive and fraught with

opportunities for error.

Another study by Mate et al (2009:4) demonstrates how the data collection of a small
subset of the DHIS national data elements can go wrong at the health facility level.
Mate et al (2009:4) highlighted that even though the accuracy and completion of this
PMTCT data was suboptimal, national health systems still use this data for national
reporting and for financial allocations (Mate et al 2009:4).Additionally they found that
data was frequently not submitted by health facilities to their local district office to
capture into the DHIS, worsening the problem (Mate et al 2009:4). Similar problems

with paper based systems have also been noted elsewhere.

The Malawian Ministry of Health with partners conducted local supervisory visits in
2006 to assess the completeness and accuracy of key case registration and outcome
data compiled by 89 ART clinics in Malawi (Makombe, Hochgesang, Jahn, Tweya,
Hedt, Chuka, Yu, Aberle-Grasse, Pasulani, Bailey, Kamoto, Schouten and Harries
2008:311). The key case registration and outcome data was collected using the paper
based WHO tools that are used for ART monitoring and consists of a master card for
each ART patient and one patient register at each ART facility (Makombe et al
2008:311), similar to data collection in South Africa. In their assessment of data
quality, the study found that 70% of health facilities had complete data for the six key
case registration fields (Makombe et al 2008:311) , but case registration data was
accurate in only 40% of the health facilities. The study recommended moving to an
electronic system to include mechanisms to improve quality of data, i.e. including using
validation checks, bounds (range) checking and alerts (Makombe et al 2008:313).
Several contributing factors including a higher work load, lack of dedicated data clerks,
poor district supervision and poorly resourced facilities were identified (Makombe et al
2008:311).

A data quality improvement intervention was conducted in 2008 that included three
main components; training on data collection, monthly review of data and data audits

at individual facilities (Mphatswe Mate, Bennett, Ngidi, Reddy, Barker and Rollins



2011:4). Data completeness improved from 26% to 64% following the intervention,
This study highlights that with proper supervision and support it is possible to improve

data quality using paper based registers (Mphatswe 2011:6).

The challenges with collecting ART data using paper based systems include low levels
of incompleteness and inaccuracy. Where countries have the resources and skills to
implement electronic data systems, substantial improvement in data quality can be
expected. Shortliffe and Cimino (2006:89) states that not only will electronic data
collection systems improve data quality, they also make it feasible to monitor the data
collected, generate warnings or advice based on either a single observation or for
logical combinations of observations, provide automated quality control that include
flagging potentially erroneous data and providing feedback on patient-specific or

population based deviations from desirable standards.

The additional limitation of paper based records is that the concentration of information
is at a single location, which is at the health facility (Shortliffe and Cimino 2006:262).
According to Shortliffe and Cimino (2006:262) this limitation prohibits the simultaneous
entry and access of the information by multiple users.

In summary, while paper based system can be used to collect national data for ART
management, there are significant challenges to collating this data at health facilities
and aggregating this information at the district, provincial and national level using the
DHIS. Additionally the challenges related to ensuring data quality makes it difficult at

the national level to accurately allocate human and financial resources.

2.8 Challenges with collecting ART data using electronic medical record systems

There are many challenges in a developing country for establishing electronic medical
record systems as described by Sood, Nwabueze, Mbarika, Prakash, Chatterjee, Ray
and Mishra (2008:3). Some of the factors to consider when implementing electronic
medical record systems in developing countries include security, confidentiality,
reliability, technical infrastructure, accessibility, interoperability, cost, language and
culture (Sood et al 2008:6-7).



The study by Forster, Bailey, Brinkhof, Graber, Boulle, Spohr, Balestre, May, Keiser,
Jahn and Egger (2008:939) between 2006 and 2007, reviewed the use of electronic
medical record systems in ART programmes in 15 countries in Africa, South America
and Asia. Of the 21 health facilities surveyed only 18 routinely used an electronic
database (Forster et al 2008:941).In 89% of these sites the clinicians used written
charts during patient consultations that were then manually data captured (Forster et
al 2008:941). The study assessed the percentage of missing data from the electronic
medical record systems. They calculated a “missing data index” as the median of the
percentages of missing data for six key variables that included the baseline and follow-
up CD4 counts (Forster et al 2008:941). The missing data index for the study was
10.9% (Forster et al 2008:943). For the baseline CD4 percentage this missing data
index increased to 19.8% (Forster et al 2008:943).

The study also highlighted that most of the databases used rely on software intended
for personal or small business use and could not meet the data needs as the patient
numbers increased exponentially (Forster et al 2008:943). Medical Record
applications such as tier 2 of the tiered ART M&E framework are based on a non-

networked Microsoft Access application with limited scope for growth.

The review of ICT used in South Africa for HIV/AIDS and antiretroviral treatment by
Sorensen, Rivett and Fortuin (2008:39) in 2006 highlighted universal issues regarding
the use of electronic medical record systems in South Africa prior to the decision to
move to the tiered ART and evaluation framework (Sorensen et al 2008:39-40). One
of the challenges noted by the study was that the implementation and support of health
systems in South Africa is managed at a provincial level, which has resulted in different
provinces implementing different systems based on their specific requirements
(Sorensen et al 2008:39).The study also concluded that with the exception of the major
Health Information System (HIS) or Electronic Health Record (EHR) systems none of
the other ICT systems were ready to be deployed in the country as a whole (Sorensen
et al 2008:39).The study concluded that paper based and ICT systems would still
coexist in South Africa for some time (Sorensen et al 2008:39).

A major challenge for the tiered ART M&E strategy is that most health facilities have
implemented tiers 1 and 2 (Magoro 2012). This leaves the majority of South African



health facilities using either paper based standardised stationery (Tier 1) or non-
networked Microsoft Access based electronic records (Tier 2). Until the majority of
health facilities offering ART services have transitioned to Tier 3, the full benefits for
tiered ART M&E strategy will not be realised.

2.9 Using ART data collected on the DHIS to plan and manage health facilities

Garrib et al (2008:550) investigated the functioning of the District Health Information
System (DHIS) in 10 clinics rural northern KwaZulu-Natal. There was good
understanding of the data collection and collation process but little analysis,
interpretation or utilisation of data (2008:550). In the 10 clinics, only 2.5% of indicator
data values were missing (Garrib et al 2008:551). The study found that despite
adequate training of the DHIS, health care workers and managers were not putting the
data collected to good use (Garrib et al 2008:551). Several factors that affected the
utilisation of DHIS data were identified. Some of these factors included poor skills
transfer, high staff turnover and poor understanding of indicators (Garrib et al
2008:551). This study highlights the importance of moving the emphasis with
electronic medical record system from data collection and reporting, to the utilisation

of data for decision making.

2.10 The laboratory register

Where electronic medical record systems are not in place, the health authorities have
no option but to rely on aggregate district based reporting using standardised clinical
stationery and the DHIS. Where electronic medical record systems are in place the
collection of data is much easier. However, the significant challenges with paper
based and electronic medical record systems mitigate for the use of a laboratory
register as an additional source of data to improve to quality of national reporting. The
studies that will be discussed in this section demonstrate the usefulness of a laboratory

register as an additional source of data as described in the conceptual framework.



In a retrospective study by Morrow, Munro, Wilke, Stark and Wood (2012:501) data
was collected from 17 clinics in South Africa that included laboratory test data as well
as clinical and demographic data files and regimen information. The patients in the
data sets were matched using a patient identification number. Each patient’s latest
HIV Viral Load and CD4 prior to ART initiation were extracted. Additionally, the
patients CD4 and HIV Viral Load results for routine ART monitoring were also included
in the extract (Morrow et al 2012:502).

The authors stated that there were many advantages to using laboratory data as the
data is collected at a more centralised location (such as the NHLS CDW), and can be
accessed as a single download as opposed to collation of monthly or quarterly records
from the DHIS (Morrow et al 2012:503). Laboratory results are reliable as they are
used in clinical practice that has the required quality control in place to ensure data

consistency and accuracy (Morrow et al 2012:503).

This study highlighted that it is possible to combine clinical and laboratory data using
the patient identification number. This allowed the researchers to study the testing
population. According to Shortliffe and Cimino (2006:517-518) the computer-based
master patient index (MPI) is used to store patient identification information and basic
demographic data that are acquired during the patient registration process, and simple
encounter-level information such as dates and locations where services were
provided. In South Africa where the majority of health facilities do not use a MPI system
to ensure unique patient identification, one would have to resort to using probabilistic
patient matching to achieve similar results.

The laboratory register concept was first introduced for TB microscopy testing as part
of the essential set of TB M&E data to be recorded. In 1998 the WHO introduced the
concept of a laboratory register for TB testing (WHO 1998:25).The TB laboratory
register is a record book maintained by the technician or technologist at the laboratory
that is responsible for performing TB testing (WHO 1998:25). For each tuberculosis
suspect identified by the laboratory the tuberculosis laboratory register records the
patient’s demographic details (hame, folder number, age, gender), date when the test
was performed, smear and culture results as well as the results of confirmatory tests
for M. Tuberculosis (WHO 1998:25). The latest requirements for a TB laboratory



register brought the recording and reporting forms into line with the revised 2013 case
and treatment outcome definitions (WHO 2013a:1).

A retrospective study conducted by Mabaera, Lauritsen, Katamba, Laticevschi,
Naranbat and Rieder (2008:294) collected data using TB laboratory register records
for one calendar year from laboratories in Moldova (n=23), Uganda (n=30), Zimbabwe
(n=23) and Mongolia (n=31). The TB laboratory register records were reviewed for
completeness of recording age, gender and reason for examination (Mabaera et al
2008:294). Based on the data collected, the study authors concluded that surveillance
of some of the basic laboratory indicators could provide a simple and locally based
adjunct to the improvement of the TB laboratory network (Mabaera et al 2008:299).The
study found that the information recorded in the TB Laboratory Register not only
identified weakness and strengths in the laboratory, it also revealed weakness on a

much broader scale in the TB control programme (Mabaera et al 2008:294).

The study highlighted the quality of data capture in four countries that attest to the very
strong quality control over the collection and reporting of laboratory data. Laboratory

staff is taught to work to very prescriptive standard operating procedures (SOP).

A study conducted by Botha, den Boon, Lawrence, Reuter, Verver, Lombard, Dye,
Enarson and Beyers (2008:936) tested the hypothesis that the use of the TB laboratory
register would identify the deficiencies in case detection among adults in a high TB
incidence area in the Western Cape province (Botha et al 2008:959). This study
compared data extracted from the NHLS LIMS and paper-based facility registers.
Botha et al (2008:938) reported that of the 367 TB cases identified (by the laboratory

registers) only 303 (83%) were recorded in the routine facility TB treatment register.

The benefits of using laboratory data is that it can utilise data stored on the LIMS, to
generate the laboratory register to enable the health facility to correlate against data
captured from paper-based register. An additional benefit would be the centralised
storage of this data from each of the NHLS laboratories at the CDW would allow for
the distribution of this data at the national, district, sub-district and health facility levels.



2.11 Development of a national laboratory based data repository

The NHLS developed a single national repository of all laboratory data within its
Corporate Data Warehouse (CDW) making it possible to review public health
laboratory data in South Africa. This has resulted in, for example, all public health
sector CD4 laboratory data at the specimen level being available for extraction,
analysis and reporting through the CDW (Grimett 2012). The specimen level data
collected at the CDW includes information provided on the laboratory request form
such as the patient demographic details and detail about the health facility requesting
the test (Grimett 2012). This information is captured using the Laboratory Information
Management Systems (LIMS) used at each NHLS laboratory (Grimett 2012). Each
specimen is allocated a unique laboratory number. The LIMS then links the test results
generated in the laboratory with the registration information captured from the
laboratory request form using the laboratory number (Grimett 2012). The data
collected by the LIMS at 265 laboratories within the NHLS network is consolidated at
the CDW into a single national laboratory data repository (Grimett 2012). When the
LIMS data reaches the CDW it is organised into logical reporting areas and structured
according to data warehousing norms for reporting (Grimett 2012). This entire process

is illustrated in Annexure D (Page 110).

In the NHLS annual report for the financial period 2010/11, it was stated that the
function of the CDW is to support the information needs of the NHLS and that of the
Information Management Unit (IMU) (NHLS 2011:14). The CDW team enhanced the
provision of information to the NDOH by continued development of reporting to support
the National Priority Programmes (NHLS 2011:30). This included the TB multidrug-
resistant registers and early diagnosis of HIV infection in infants at 6 weeks. Monthly
management summary reports by facility and province have been developed and are
automatically circulated to the relevant recipients (NHLS 2011:30).

The ability of the NHLS to collate near real time data from each of the NHLS
laboratories (n=265) using the LIMS makes this a perfect platform to pilot the collection

of the CCMT programme status information. Not only can this be included for reporting



for the NDOH, this information can also be delivered electronically via a data interface

to the multiple electronic medical record systems in use in South Africa.

The feature to feed laboratory data back to electronic medical record systems from the
CDW has already been demonstrated. In the NHLS Annual Report for the financial
period 2010-2011 the CDW unit states that in providing automated data interfaces to
patient management systems to facilitate improved patient care, the CDW continued
to interface data daily to the WamTech TB Electronic Drug Resistance system
(EDR)(NHLS 2011:30). An interface to the Therapy Edge Patient Management
System has been developed to provide a daily transfer of test results back to health
facilities (NHLS 2011:30). In collaboration with the Desmond Tutu Tuberculosis
Centre, an interface has been developed to transfer TB patient results to a patient

management system developed for Cape Town City Health (NHLS 2011:30).

The development of a CDW that integrates all LIMS data within the NHLS can become
the first step in the development of an NHIN in South Africa. As the tiered ART M&E
strategy evolves to a stage where most health facilities are using Tier 3, the ability to

deliver near real-time laboratory data to the NHIN and EHR systems becomes critical.

2.12 Conclusion

In this chapter, the tiered ART M&E framework, paper based pre-ART register,
laboratory register, laboratory data repository, development of a NHIN in South Africa
as well as challenges with using and implementing paper based and electronic M&E
systems were explored. The available literature reviews the national initiatives to
introduce an integrated national M&E data system for South Africa. To achieve this
NDOH set a goal to integrate health record systems in South Africa by bringing
together all the different health information systems facilitating access to health

records within a province and across provinces through the NHIN (NDOH 2008:7).

The tiered ART M&E framework is an innovative system that will allow South Africa to

migrate health facilities from paper based records to a non-networked M&E system



and finally to a fully networked and integrated patient record system that could lay the
foundations for an electronic health record. The inaccessibility of paper based M&E
systems as well as the poor quality of data has been described. There are many
challenges that need to be faced when implementing electronic M&E systems in
developing countries. The complexity of provincial budgeting for IT expenditure also
makes it difficult to standardise electronic patient record systems. Developing a NHIN
to integrate all health record data from source systems brings about challenges of
confidentiality of data, developing data standards and funding to develop health IT

infrastructure.

The use of laboratory registers where data from the LIMS is integrated into a national
data repository hold great promise to provide national M&E data from a single data
system. One of potential benefits of the laboratory registers is the ability to either
replace or complement paper based and electronic M&E systems. When the final tier
of the tiered ART M&E strategy is realised the ability to deliver laboratory results at the
point of care in a comprehensive patient record offers the greatest potential to deliver
on the NHIN strategy.

The next chapter describes the research design and methodology employed for the
research study.



CHAPTER 3: RESEARCH DESIGN AND METHOD

3.1 Introduction

This study is a health systems research study aimed at developing new systems to
deliver improved CD4 reporting with a CCMT patient programme status for better

programme management.

3.2 Study Design

According to Eng and Siegelman (2007:653) the definition of the study design is a
multi-step process that starts with defining a target population, i.e. the population for
whom the study is intended. The next step is the definition of inclusion and exclusion
criteria to specify who from the target population will be considered for the study (Eng
and Siegelmen 2007:653).

The design of the study was descriptive (designed to describe and explore attributes)
and cross-sectional (data collection was done once only). Descriptive designs are
employed in studies where additional information is required in a particular field
through the provision of a picture of the phenomenon as it occurs naturally (Brink, van
der Walt and van Rensburg (2012:112). The additional question for the study was the
CCMT programme status. Cross sectional studies are used to examine data at one
point in time (Brink et al 2012: 115). For the study data was collected once only using
the new CCMT request form.

3.3 Target population

The target population included patients who attended health facilities for CD4 testing
in the Ekurhuleni health district.



3.3.1 Sampling Frame

According to Brink et al (2012:132), the sampling frame is a comprehensive list of
sampling elements in the target population. For the study the sampling frame was
hospitals within the Ekurhuleni health district.

3.3.2 Description of the study area

The map below depicts the borders of the Ekurhuleni health district. This district is one
of six districts in the province of Gauteng. Ekurhuleni is Tsongo word which means a
“place of peace” (About Ekurhuleni: 2012). The district is subdivided into four health
sub-districts, viz. East, South, North and West. The district has a population of
approximately 2.4 million (About Ekurhuleni: 2012) people served by four regional
hospitals, one district hospital, and 99 primary health care (PHC) clinics (Magoro
2012).
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Figure 3.1: Map showing Ekurhuleni health facilities



3.4 Study population

The study population were patients who attend the Tambo Memorial, Far East Rand
and Tembisa HIV clinics and who required CD4 testing in the Ekurhuleni health district,
based in the towns of Boksburg, Springs and Tembisa respectively. All have busy ART
and HIV counselling and testing wards. According to the DHIS classification, all three

study sites are classified as regional hospitals (NDOH 2012c:36).

3.4.1 Selection of Study Population

A simple sequential sampling of public sector health facilities in the Ekurhuleni health
district was undertaken using the CD4 test volume for 2011 from the NHLS Corporate
Data Warehouse. The annual CD4 test volumes for this period was ordered in
descending order, and the top three health facilities were proposed and adopted for

study in consultation with the Gauteng Department of Health.

3.4.2 Inclusion Criteria

The inclusion criteria was also utilised to limit the study to a specific geographic area
and time period. The table below describes the inclusion criteria for the study: -

Table 3.1: Inclusion criteria for study

Inclusion Criteria Rationale

Patients between 18 years and
older.

The study investigated the collection of the programme
status for adults.

Patients presenting for CD4 testing
at the Tambo Memorial, Far East
Rand and Tembisa study sites.

The three study sites are based in the Ekurhuleni health
district and were selected based on submitting the highest
number CD4 samples per month in the 2011 calendar year
(Coetzee 2012).

CD4 sample received on the new
CCMT request form(Form 4 page
96)

The study collected data using the new CCMT request
form (Form 4 page 96). The barcode sequence was used
to identify CD4 results received on the new CCMT request
form.




Inclusion Criteria Rationale

Study Period: 1 October 2012 to
31 January 2013

Based on the number of samples submitted per day in
2011 by the three health facilities, the study was
planned for one month (Coetzee 2012). However, the
study was conducted for four months in order to reach
the required sample size. Due to the implementation of
HIV and ART services to the surrounding PHC facilities
the study took longer to complete

CD4 sample request following
HCT or for routine ART
monitoring

The patient would be identified for CD4 testing
following a positive HIV rapid test during HCT or during
routine  ART monitoring. Current ART guidelines
prescribe CD4 testing following a positive HIV rapid
test (NDOH 2010:3)

3.4.3 Exclusion Criteria

The table below provides a list of exclusion criteria as well as the rationale for each: -

Table 3.2: Exclusion criteria for study

Exclusion Criteria

Rationale

CD4 samples that are
received on the existing
CCMT request form (Form
3 Page 95).

Al CD4 samples received on the Existing CCMT request form
(Form 3 Page 95) were excluded from the study. This form
uses a specific barcode sequence, e.g. ASFD1234B.

CD4 samples from other
health districts in Gauteng
received at the CD4
laboratories in the
Ekurhuleni health district

Any CD4 samples received from outside the Ekurhuleni
health district, tested at CD4 laboratories within the
Ekurhuleni health district, were excluded (outside target
population). Each CD4sample recorded on the LIMS had a
dedicated location code for the health facility, e.g. TEM for
Tembisa Hospital. The specific location codes were used to
identify study data from the three study sites. Additionally, the
three location codes were used by the CDW to extract data
for the study (refer to Annexure F Page 127).

3.4.4 Method of selecting health facilities

The health facilities were selected in conjunction with Gauteng provincial CCMT Unit
as well as the Ekurhuleni district health management after reviewing the 2011 CD4
test volumes. The three study sites were selected on the basis that they provide HIV

and ART services, are situated within 100km of an existing NHLS CD4 testing



laboratory, are already using the Existing CCMT request form (Form 3 Page 95) and

submitted over 600 CD4 samples on average per month on average in 2011.

3.4.5 Method of selecting sample

For selecting the study sample, non-probability sampling was utilised to identify the
health facilities where the study was conducted. For the selection of patients,
convenience sampling was utilised as the patients (study subjects) would be attending
the health care facility for routine HIV services making them easily accessible for the
study. Convenience sampling is easy, fast and the least expensive sampling
technique. However one of the weaknesses of convenience sampling is that sampling
bias is likely to be introduced to the study. The sampling frame for this study would be

the hospital, i.e. the three regional hospitals selected in the Ekurhuleni health district.

3.4.6 Size of sample

It is important to take into consideration the size of the sample required to achieve the
study aims. The calculation of the sample size is determined by three main factors; p-
value, statistical power and the size of the effect to be detected (Whitley and Ball
2002:336).Additional factors that must be taken into consideration when deciding on

a sample size for a research study are: -

e Level of accuracy required
e Size and heterogeneity of the population
¢ Nature of the research design, e.g. qualitative or quantitative

e Financial resources

The use of the macorr sample size calculator (http://www.macorr.com/sample-size-
calculator.htm) is recommended by Brink et al (2012:143). To compute the study

sample size the following values were provided: -



Table 3.3: Variable used in the Macorr Sample Size Calculator
Variable Value Description

Population Size 16892 | The population size is the average number of CD4 tests
received per month from the Ekurhuleni health district during
the calendar year 2011.

Percentage 50% The worst case percentage of 50% was entered on the
sample size calculator for the percentage of samples that
did not tick the programme status box. According to the
Macorr sample size methodology, when determining the
sample size needed for a given level of accuracy one should
use the worst-case percentage (50%).

Confidence 2.7% | The confidence interval of 2.7% was used.

Interval

Confidence Level | 95% The confidence level of 95% was used.
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Figure3.2: Output from the Macorr Sample Size Calculator

An adequate sample size as well as the appropriate research design are critical in
allowing the study results to be generalised to the target population (Joubert and
Ehrlicht 2009:94).

The sample size for the research study was calculated as 1200 by the macorr sample
size calculator based on the values from table 3.3. Of the sample size of 1200, 500
samples were allocated to the Tambo Memorial study site. The Far East Rand and

Tembisa study sites were allocated 350 samples each.




3.5 Data sources

A number of data collection methods as well as data collection instruments are used

for this study.

3.5.1 Data collection Methods

The following data collection methods were employed for this study:-

New CCMT laboratory request form (Form 4 page 96)

Interview with professional nurses and clinicians

Interview with laboratory staff at the week follow-up visits

Self-administered pre-ART register questionnaire (Form 5 page 97)

3.5.2 Data collection instruments

A number of data collection instruments are used for this study. They are listed below

in chronological order: -

e New CCMT Request Form pre-testing questionnaire (Form 1 page 91)
e Site follow-up visit form(Form 2 page 93)

e Existing CCMT request form(Form 3 Page 95)

e New CCMT request form (Form 4 page 96)

e Pre-ART laboratory register questionnaire (Form 5 page 97)

3.5.2.1 New CCMT Request Form pre-testing questionnaire (Form 1, page 91)

The reason for pre-testing a new data collection instrument for this research project
was to evaluate whether the respondents interpret questions in a consistent manner
as intended by the researcher. The pre-testing of the New CCMT Request Form (Form
4 page 95) involved asking the selected health care workers to review the form with

regard to its flow and ease of completion.



3.5.2.2 Site follow-up visit form (Form 2, page 93)

In weeks two, four and seven of the study, the laboratories and study sites were visited
to review progress. At the laboratory the percentage of CD4 requested forms
completed with the required information were assessed. Additional aspects assessed
included the form legibility, data capture accuracy and awareness. The follow-up visit
forms (Form 2 page 93) were completed by the researcher based on the findings of
the visits.

3.5.2.3 Existing CCMT request form (Form 3 Page 95)

The existing CCMT request form implemented by the NHLS in 2009, used by health
facilities in the Ekurhuleni health district, forms part of the pre-study baseline data
analysis. This laboratory request form is completed by health care workers at the

health facilities and sent to their local CD4 laboratory.

3.5.2.4 New CCMT request form (Form 4, page 96)

The new CCMT request form design was based on the existing CCMT request form
(Form 3 Page 95), and amended to meet the new HIV and TB programme status
reporting requirements incorporate the current HIV and AIDS guidelines and reflect
CCMT programme status. This new form is divided into multiple sections that are
provided to capture the health facility details, patient demographics, specimen details,
clinical information, laboratory tests requested and the CCMT programme status data
collection tool. For the study, the new CCMT request form (Form 4 page 96) was used

to collect the programme status for CD4 samples.

3.5.2.5 Pre-ART laboratory register questionnaire (Form 5 page 97)

This form was administered at the end of the study after the pre-ART register had been
delivered by the researcher to the health facility manager. It was designed to be a self-

administered questionnaire that consisted of two sections. The first section assessed



the quality and format of the laboratory-based pre-ART register. The second section
assessed whether the laboratory based pre-ART register could reduce pre-ART loss

to follow-up and improve record management and DHIS reporting.

3.6 Data Collection

The data for the study was collected using the forms described above and collected in
a two-step process. In step one, the new CCMT laboratory request form (Form 4 page
96) was used by the health care worker to capture information about the health facility
where the CD4 test originated, the patient’s details, laboratory tests required and the
CCMT programme status. In step two, the completed request forms (Form 4 page 96)
were delivered with the patient’'s blood samples to the local laboratory where a
laboratory data capturer would enter the information on the Disa*Lab Laboratory
Information Management System (LIMS). Prior to the data collection, training was
provided to the study sites and laboratory data capturers on data collection tools used
in the study. Follow-up visits were conducted at week two, four and seven at the CD4
laboratory to assess the quality of data provision by the study sites and data capture
at the laboratories. The findings of the follow-up visits were collected using the site

follow-up visit form (Form 2 page 93).

Throughout the study data from the individual laboratories (LIMS) were replicated to
the Corporate Data Warehouse (CDW) at the NHLS via wide area network (WAN). In

this way the data collected for the study was routinely monitored.

3.6.1 Data collection method

The selection of the method for the data collection depended on a number of factors.
The two key factors in making this decision were the information required to achieve

the study objectives and the resources available.



3.6.2 Development and testing of the data collection instrument

The primary data collection instrument, i.e. the new CCMT request form (Form 4 page
96) was developed the NHLS in collaboration with Western Cape HIV clinicians and
the Western Cape laboratory co-ordinator. This document was distributed by the
NDOH Laboratory Co-ordinator to provin