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IMPORTANT NOTE

The following terms are used throughout the document. Their meaning, in the context of this
study, is as follows:

Value chain - is a chain of activities for an organisation operating in a specific industry
Process activity group 1 is a group of similar/related process activities.

Process - is a collection of activities designed to produce a specific output for a particular
customer, market, etc.

Process compliance defined as being compliant with every step in the process and taking
into account acceptable not applicable steps.

Requirement usage compliance defined as using the necessary requirements as specified
in the process map.

Requirement availability compliance defined as being compliant when all requirements
needed to perform the process were available.
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It is with great pleasure that SEAD Consulting presents this Clinic-Laboratory-Interface (CLI)
Project Report to the Centers for Disease Control and Prevention (CDC) in Pretoria.

The region is facing a massive challenge in managing the HIV/AIDS epidemic, coupled with
TB. This requires adequate clinical care i including laboratory support. The ability of
primary health care practitioners to access regular, good quality laboratory services is
central to providing excellent patient care. It requires a myriad of procedures and
interactions between very many players in the value chain, from administrators within the
clinic, supply-chain services, well-trained medical staff, couriers, and an accessible
laboratory.

The CLI project set out to move beyond perceptions, and build a comprehensive, dataset
demonstrating what is happening in South African clinics with regard to requesting laboratory
tests, and receiving laboratory results. This was not an evaluation of the laboratory, but
rather, an evaluation of the interface between the clinics and the laboratory. A second
component of the work looks at HIV Voluntary Counseling and Testing (VCT) in the same
clinics as a model of point-of-care testing.

The data show that the clinics operate in a very stressed environment with limited resources
and significant, consistent difficulties with regard to taking specimens from patients, sending
these to the laboratory and receiving results. The difficulties are documented for HIV blood
specimens, TB sputum specimens, cervical smear specimens i and VCT. The report
contains specific recommendations regarding remedies to resolve the problems. These
remedies vary from simple logistics-based interventions to complex systems. A process for
prioritizing these and funding the interventions will be required.

This O6CLI 6 pr bupeecetfort bytatage tbam evithin 8EAD and beyond. It would
not have been possible without the immense support that we received from the National and
Provincial Departments of Health and the National Health Laboratory Service (NHLS). Of
note was the personal support given by Dr Yogan Pillay of the DoH and Mr Sagie Pillay, the
CEO, of the NHLS. The entire study was funded by the CDC, through a multi-year PEPFAR
award to SEAD Consulting. SEAD acknowledges this and extends its thanks to the CDC for
this support.

We look forward to the many discussions that will emerge as a result of the data that are
contained within this report.

Yours sincerely

Dr Tim Tucker Dr Peter Manyike
SEAD CEO SEAD Director
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BACKGROUND ANDRITERATURE REVIEW

Laboratory testing forms a key component of clinical decision making (Lippi 2008). It assists
with making the diagnosis, guides or monitors therapy, and predicts health outcomes. Test
process control refers to the activities and techniques that are carried out to ensure that the
testing procedures are correctly performed, that the environment is suitable for reliable
testing, and that the test kit works as expected to produce accurate and reliable results.
Steps in the testing process follow the path of workflow, and begin with tasks done before
testing (pre-analytic), followed by tasks done during (analytic) and after testing (post-
analytic). The pre-analytic and post-analytic phases are also referred to as the clinic-
laboratory interface (CLI).

Considering the complexity of the system, in order to achieve the highest level of accuracy
and reliability it is essential to perform all processes and procedures accurately. Clinical
laboratories have therefore focused their attention on quality control methods and quality
assurance programs related mainly to the analytical aspects of testing, and to a far less
extent, the pre-analytic and post-analytical phases. Each step in the entire process is,
however, prone to errors and, in recent years, the majority of errors have been found to
occur within the pre-analytic (467 68.2% of total errors) and post-analytic phases (18.51 47%
of total errors) (Figure 1) (Bonini 2002, Howanitz 2005, Plebani 2006, Plebani 2009a,
Plebani 2010). The CLI include procedures performed neither in the clinical laboratory nor
under the control of laboratory personnel and include, for example, the completion of
laboratory request forms, specimen identification, phlebotomy, sample handling and
transportation to the laboratory (Bonini 2002, Howanitz 2005, Lippi 2009, Plebani 2010). The
impact of these errors can be considerable i affecting both the patient and health care
system (Sciacovelli 2009).

Figure 1: Types and rates of error in the laboratory testing process (Plebani 2006)
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Comprehensive plans to prevent extra-analytic errors (i.e. in the CLI) include the
development of clear, written policies and procedures detailing responsibilities as well as
enhancing health care professional training to ensure that they are aware of proper
procedures and understand why these steps are important and how failure to correctly follow
instructions can cause serious errors (Da Rin 2009, McCay 2009, Novis 2004). Furthermore,
automating functions, both for support operations and for executive operations are important.
Monitoring quality indicators such as indicators of patient identification, sample collection
and transport as well as documenting completion of key steps in the process and improving
communication among health care professionals and fostering interdepartmental co-
operation also contribute to quality assurance (Da Rin 2009, McCay 2009, Novis 2004). The

opportunities for making errors should also be reduced. Specifically, the number of steps in
which specimens are delivered to laboratories, tests are performed, and results are
disseminated to those who use them should be reduced as much as possible (Novis 2004).
To reduce errors related to result review, interpretation and use, a process of interpretative
commenting, part of a broad strategy to improve the transmission and communication of
laboratory results, appears to be useful (Plebani 2009b).

Point-of-care testing (POCT) is a means of rapidly providing test results within the clinical
setting (Plebani 2009c¢). Many POCT are available for use at clinic level including HIV rapid
test, blood glucose, haemoglobin and others. In theory, POCT eliminates some of potential
errors related to laboratory testing such as specimen transport and result distribution back to
the clinic. However, it creates new challenges and sources of potential errors (see Table 1)
(Plebani 2009c). The Plebani study showed that the main errors relate to operator
incompetence, non-adherence to procedures, and the use of uncontrolled
reagent/equipment. Quality assurance, to ensure accurate and reliable POCT results, is

therefore of utmost importance.

Table 1: Error classification in the entire POCT process (Plebani 2009c¢)

Phases/steps in POCT process

| Step-by-step defects

Pre-analytical phase

Test ordering

Inappropriate/excessive/mis-timed orders

Patient/specimen identification

Wrong patient/wrong specimens/erroneous patient or specimen
information entry

Specimen collection

Inappropriate/inconsistent  specimen volume  or

application to testing surface or chamber

typel

Specimen evaluation

Attributes compromising patient ID/collection quality not
recognized

Analytical phase

Method calibration

Omitted, non-protocol or mis-entered calibration

Specimen/reagent interaction

Patient-related native interference, specimen-related non-target
influences, specimen-reagent matrix effects

Result generation

Results outside met hodbs vali

Result validation

Lack of quality control and/or other performance monitors

Post-analytical phase

Report formatting

Wrong units, reference intervals, mistaken human transcription

Critical value reporting

Critical values unrecognized, not brought to decision maker&
attention

Other result reporting

Report communication failed/delayed or lost to retrieval

Report recording/retrieval

No correlation between initially generated and finally recorded
result

Quiality assured laboratory services are especially important in resource-poor countries.
They are essential to meet the Millennium Development Goals for Health and those of major

=SaE
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global health initiatives and financial mechanisms such as the Global Fund and PEPFAR.
Quiality assurance (QA) refers to planned, step-by-step activities that let one know that
testing is being carried out correctly, results are accurate, and mistakes are found and
corrected to avoid adverse outcomes. These activities should be in place during the entire
testing process, from the time that a test kit is procured, to when a person agrees to be
tested, and until after the test results are provided (Sciacovelli 2009). A component of quality
management is assessment, and measurement of performance against a standard or
benchmark for these QA variables.

The existing benchmarks, norms and standards relate mainly to the analytical phase. Few
exist for the extra-analytic phases.

Analytic phase

The International Organization for Standardization (ISO) 9000 provides guidance for quality
in manufacturing and service industries, which can be broadly applied to many other kinds of
organizations. ISO 9001:2000 addresses general quality management system requirements
and applies to laboratories. There are two 1SO standards that are specific to laboratories (i.e.
analytic phase):
A 1SO 15189:2007. Medical laboratories i Particular requirements for quality and
competence. Geneva: International Organization for Standardization.
A ISO/IEC 17025:2005. General requirements for the competence of testing and
calibration laboratories. Geneva: International Organization for Standardization

Another important international standards organization for laboratories is the Clinical and
Laboratory Standards Institute (CLSI), formerly known as the National Committee for Clinical
Laboratory Standards (NCCLS). CLSI uses a consensus process involving many
stakeholders for developing standards. The quality management system model is based on
twelve quality system essentials (QSE), and is fully compatible with ISO laboratory
standards. CLSI has two documents that are very important in the clinical laboratory:
A CLSI/NCCLS. A Quality Management System Model for Health Care; Approved
Guidelined Second Edition. CLSI/NCCLS document HS1-A2. Wayne, PA:
NCCLS; 2004.
A CLSI/NCCLS. Application of a Quality Management System Model for Laboratory
Services; Approved Guidelined Third Edition. CLSI/NCCLS document GP26-
A3.Wayne, PA: NCCLS; 2004

The Global Laboratory Initiative (GLI) developed a structured framework for scaling-up TB
laboratory services, based on WHO-recommended norms and standards, documented
country best practices and growing lessons learnt from field experiences by many partners
involved in GLI. Furthermore, the WHO Laboratory Strengthening Task Force (LSTF) for
Tuberculosis Control outlined the principal standards that a competent TB laboratory, at any
level of activity, should aspire to in Europe (Drobniewski 2006). The underlying principles of
the document are that any TB-related procedure (microscopy, bacterial culture, identification,
drug susceptibility testing (DST), molecular diagnosis) should be performed by appropriately
trained staff, working to SOPs, in appropriately equipped and safe laboratories against clear
national and international proficiency and quality standards.

The Hong Kong Society of Cytology Cervical Cytology Practice Guideline Group developed
cervical cytology practice guidelines to set achievable standards and targets for laboratory
practice to improve the quality of cervical cytology services. The emphases of the guidelines
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are on practical aspects of specimen procurement, analysis, reporting, as well as laboratory
management.

Extra-analytic phases

Few benchmarks, norms and standards exist for the pre- and post-analytic phases.
Increasing attention is, however, being placed on the importance of these phases and work
in this area is growing.

Related to the pre-analytical phase of testing, the WHO Laboratory Strengthening Task
Force (LSTF) for Tuberculosis Control recommends that TB specimens should be
transported to laboratories as quickly as possible with an interval of no longer than (four)
days before processing. Specimens should be refrigerated if transportation will take > 48
hours. Smear microscopy should be performed within one working day of the arrival of the
specimen in the laboratory. Laboratories should also identify and address delays in reporting
systems. For diagnostic and infection control purposes, positive results should be reported
by telephone, fax or other electronic means, to ensure that they are available immediately.

The Hong Kong Society of Cytology Cervical Cytology Practice Guideline Groupd servical
cytology practice guidelines include recommendations for the pre-analytical (such as timing
of specimen collection, method for specimen collection and smear preparation and fixation),
and post-analytical stages.

Informing quality assurance programs, Ricds 2004, identified quality indicators for extra-
analytical processes and proposed acceptability limits, in order to provide a tool for
continuous improvement of laboratory services. Similarly, Howanitz 2005, determined eight
performance measures, including customer satisfaction, test turnaround times, patient
identification, specimen acceptability, proficiency testing, critical value reporting, blood
product wastage and blood culture contamination (see Table 2). These were found valuable
when tested by Q-Probes and Q-Tracks, and have been endorsed as critical to patient safety

by members of the College of American Pathologists6 Qual i ty Pr a@owarntz Co mmi
2005, McCay 2009).
Table 2: Performance measures (Howanitz 2005)
Table 1. Critical Performance Measures
Measure Laboratory Discipline Phase of Testing Frequency of Data Collection
Customer satisfaction All All 3 Yearly
Turnaround times Chemistry, hematology All 3 Monthly
Patient identification All Preanalytic Monthly
Specimen acceptability Chemistry, hematology Preanalytic Monthly
Proficiency testing All Analytic 6-20 specimens per analyte yearly
Critical value reporting Al Postanalytic Monthly
Blood product wastage Transfusion medicine Postanalytic Monthly
Blood culture contamination Microbiology Preanalytic Monthly
Table 2. Characteristics of Critical Performance Measures
Measure Numerator Denominator Metric
Customer dissatisfaction Sum of all customer grades Sum of all potential grades Median customer grade
Turnaround times Sum of all turnaround time measures No. of measures % Qutliers _
Patient identification Sum of all patients incorrectly identified MNo. of patients examined % Improperly identified
Specimen unacceptability Mo. of specimens rejected No. of specimens studied % Specimens rejected
Proficiency testing No. of challenges acceptable per analyte No. of challenges per analyte % Failures
Critical value reporting No. of caregivers not reached No. of cases % Caregivers not reached
Blood product wastage Mo. of units wasted No. of units % Units wasted or dollars wasted
Blood culture contamination  No. of blood cultures contaminated No. of specimens collected % Blood cultures contaminated
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HIV rapid tests

As with laboratory tests, HIV counseling and testing centers need oversight of the testing,
and systems to ensure that the necessary staff and supplies are available, and that
confidential record systems are established and maintained. The WHO has developed
guidelines for assuring the accuracy and reliability of HIV rapid testing which aims to
establish guidelines for applying quality system essentials to HIV rapid testing.

South Africa is faced with a quadruple burden of major diseases including chronic diseases
of lifestyle, emerging and old infectious diseases, and injuries. HIV/AIDS is a leading cause
of morbidity and premature mortality, and is placing a huge burden on the health care
system (Bradshaw 2004, Groenewald 2008).

Figure 2: Burden of Disease: Top ten single causes of premature mortality (YLL)
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Public health services are provided through the Department of Health which has
implemented the district health system to advance the integration of primary health care
services. The National Health Laboratory Service (NHLS) http://www.nhls.ac.za/, established
in 2001 as public entity, by Act of Parliament, forms a national network of integrated
pathology laboratories throughout South Africa that utilize common laboratory management
systems and transport networks to facilitate transport of specimens, the performance of
laboratory tests, the referral of certain tests to reference laboratories and the delivery of
results. Approximately 265 laboratories are included in the NHLS within SA, employing
approximately 6500 people. All laboratories provide diagnostic services to the Provincial
Departments of Health and local authorities. Certain other specialist laboratory services are
provided to the National Department of Health. Guidelines exist at national and regional
level to ensure accuracy and reliability of only the analytic phase.
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Outside of the laboratory-based investigations, various forms of POCT are available at
multiple health care levels. HIV, pregnancy and malaria rapid tests as well as urine test
strips, haemoglobin, glucose, RPR, rhesus factor, TB mantoux and lactic acidosis POCT are
approved for use at primary health care clinic and district hospital level.

Specific to point-of-care testing, a national guideline of POCT and a detailed guideline for
HIV rapid tests have been produced (in draft form) by the National Department of Health.

Anecdotal information suggests that the clinics and hospitals in South Africa experience
challenges to receive an adequate laboratory service for their patients, and that many of the
reasons for this lie outside of the NHLS. Thus, these problems appear to be more associated
with the chain of events linked to the clinic-laboratory interface, rather than the laboratory
alone. This problem statement relating to the clinic-laboratory interface is not driven by
specific data, but rather anecdotal information and perception studies that comes from many
sources, stating that clinics (both rural and urban) experience problems obtaining quality and
timely laboratory results. If this perception is correct, this will result in significant expenses
being accrued to the provinces unnecessarily. In addition, the patients receive sub-optimal
care and are subjected to unacceptable levels of inefficiency.
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METHODOLOGY

To undertake an Integrated Systems Analysis of the Clinic-Laboratory Interface in order to
understand the nature and limitations of the pre-analytical and post-analytical phases of
specialist laboratory tests at South African primary health care clinics with a focus on priority
programs related to HIV/AIDS, TB and Cytology, and provide recommendations for
improvement thereof.

The sequence of steps for the project was as follows:

1. Assessment of,ié Bow the presanalytic ardl post-analytic phases for
laboratory tests were designed was conducted which revealed that no written, formalized
standard operating procedures (SOP) existed.

2. Consequently, detailed mapping of the process of the pre-analytic and post-analytic
phases was performed on-site at a well-performing clinic in order to design the ideal
generic 6SOPO&.

3. Development of the assessment tool and database.

4. Assessment of both afferent and efferent
selected primary health care clinics (minimum of four sites per province) with on-site
Data Collectors (using direct observation of the process in practice, and semi-structured
interview questions of users).

5. Data management.

6. Data analysis.

1. Assessment of O6As designedd

An assessment of how the pre-analytic and post-analytic phases were designed was first
conducted. Provincial co-ordinators and key informants were contacted and existing NHLS
guidelines and handbooks were reviewed.

This revealed that no written SOP for the pre-analytic and post-analytic phases existed.
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2. Mapping of the process of the pre-analytic and post-analytic phases in order to design
the ideal generic 6SOPO

In the absence of SOPs, the next phase of the project was to map, in detail, the processes
followed during the pre-analytic and post-analytic phases in order to design the ideal SOP. This
included the entire chain of events from the registering of patients at the clinic, to the request for
a laboratory test to be conducted to the time when the specimen was delivered to the door of
the NHLS (pre-analytic) and how the laboratory results are delivered back from the NHLS to the
clinic (post-analytic). There was also a need to document other processes which are critical to
the Clinic- Laboratory interface such as, i.e. Courier Transportation, Provisioning of
Consumables, etc as indicated in the value chain below.

Figure 3: Value chain, process activity group and detailed process
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