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Hi everyone.  I want to start with a question as to why building and enhancing lab capacity for screening and diagnosis for Hemoglobinopathies needed?  


Reasons

Millions are affected
globally

i.e. Sickle Cell Disease

1/500 African Americans
1/36000 Hispanic Americans

1/12 African American born
with SCT

SCD incidence higher in
certain areas

e Liberia—10.31% SCT & 1.19%
SCD
e Uganda — prevalence study
— 13.3% SCT & 0.7% Disease
— prevalence of SCT > 20%
— Other Hb variants at 26%

Many published articles on
Hemoglobinopathies
Screening and Diagnosis

Lack of a comprehensive
reference
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Because millions globally are affected by Hemoglobinopathies.  Case in point Sickle Cell Disease which is a type of Hemoglobin disorder characterized by abnormal hemoglobin production which results in damage and deformation of the Red cell and subsequent multi-organ damage.  In the United States along according to statistics from the Centers for Disease Control and Prevention, each year one out of every 500 African American infants are born with Sickle Cell Disease whereas 1 out of every 36000 Hispanics are born with SCD.  Sickle cell trait is inherited by 1 out of every 12 African American infants.  Looking globally, the incidence of trait and disease is even higher.  Tubman et al. (2015) conducted a pilot study in Liberia on 2 ,785 newborns to determine incidence of Sickle Cell Disease.  They found that 10.31% of infants born were Sickle carriers.  That is roughly 279 infants or 1:10.  33 infants were diagnosed with Sickle Cell Disease with an incidence of 1:84.  
In Uganda Ndeezi et al. (2016) on the other hand conducted prevalence studies in Uganda.  Out of 97, 631 infants tested they found 12 979  or 13.3% had SCT and 716 (0·7%) had SCD.  In some regions of Uganda SCT prevalence was greater than 20% with the highest prevalence at 23.9%.  Prevalence of other hemoglobin variants were as high as 26%

A literature search shows many published articles on hemoglobinopathies.  For example this 2013 article by Chandrakasan & Kamat (2013) discussed an overview of Hemoglobinopathies and Result interpretation while the article by Benson and Therell (2010) discussed the history NBS for Hemoglobinopathies and Current Status.  Some articles describe screening in other countries and states.  Case in point the article by Thuret at al discussed the French experience testing for SCD while Michlitsch & Azimi presented Californias.  Other articles discussed methodology like Keren et al., for Capillary electrophoresis and Joutovsky  for HPLC while the older articles touch on methods like Cellulose Acetate and Citrate Agar.  The only comprehensive reference found was published was in 1993 by Therell and Pass over 23 years ago.  This reference entitled  Hemoglobinopathy Screening Laboratory Techniques for Newborns: Laboratory Methods for Neonatal Screening has been a go-to for many labs.  However my point is that it past time for an updated reference due to the advent of new robust methods like HPLC and Capillary electrophoresis as well as PCR and MSMS for Hemoglobin screening and diagnosis.  So I am pleased to present to you at this just such a reference. 
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This reference entitled Hemoglobinopathies:  Current practices for screening confirmation and follow-up has been over two years in the making.  This white paper discusses the history of screening, current methods and their respective advantages and limitations, traditional methods still used by some labs, algorithms for testing and reporting, quality assurance, and follow-up methods.  I’ll share with you some of the details from the paper but first how did this paper come about?






http://www.aphl.org/

How |t Began

Workgroup - Joint Effort

e TR .|« 6 States Public Health Labs
— WA, TX, TN, NV, NJ, & FL

e 1 Diagnostic lab— Meharry

e APHL

e CDC

— National Center on Birth
Defects and Developmental
Disabilities

— National Center for
Environmental Health
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In December 2013 a workgroup convened consisting of the parties you see listed on this slide.  We held monthly conference calls to discuss the details of the document, what we thought needed to be included, what we as laboratorians would want to know about the methods and other considerations like follow-up protocols, etc.  Each participant brought a unique perspective to the document and shared challenges and experiences with regard to hemoglobinopathies.  Writing of the individual sections were divided among the participants with tons of revisions.  Two face to face meetings were held at CDC facilities in June 2014 and again in March 2015 with a CDC cleared document completed in December 2015.  So at this point lets take a closer look at the document content.


|. Executive Summary

e States Workgroup Objectives:
— Discuss issues related to lab capacity

— Conduct inventory of labs with capacity for SCD
testing

— Develop a training program for implementing lab
technology

— Evaluate current lab methods and make
recommendations for improvement

— Identify and document best practices


Presenter
Presentation Notes
First the document opens with an executive summary which introduces the objective of the workgroup.  Our objectives are as follows:

Discuss the issues related to building and enhancing U.S. laboratory capacity in the areas of screening and diagnosis of hemoglobinopathies. 
Conduct an inventory of state and regional labs that are currently performing (or have the capacity to develop) sickle cell disease laboratory testing. 
Develop a training program for implementing laboratory technology in state public health laboratories, universities, and community centers for testing. 
Consult with the CDC and other partners to evaluate current laboratory methodologies and make recommendations for improvements. 
Identify and document best practices that have been used in SCD public health laboratory training; identify training standards and competency outcomes.

To that end we have met the objectives of evaluating current methods and making recommendations for improvement as well as identifying and documenting best practices with the release of our white paper.
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Section II of the document acknowledges each person who had a hand in writing the varying section of this document.  


1. Introduction ’

e Discusses Hemoglobin structure
— Normal Hb

— Quantitative changes to Hemoglobin

e Thalassemias —i.e. athal

* One gene deletion vs. four gene deletions
— Qualitative changes to Hemoglobin

e Beta globin variantsi.e. Hb S, C, D, E, and G

— Severity of disease can vary from insignificant to life
threatening

— Highlights differences in methods and screening
programs
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Section III of the document introduces the audience to hemoglobin structure discussing nomenclature and formation of abnormal hemoglobin.  For example quantitative changes resulting from amino acid  deletions, insertions, or point mutations result in thalassemias or decreased globin chain production.  Alpha thalassemia is one type of thalassemia ranging from mild to severe depending on the number of gene deletions.
Qualitative changes resulting from amino acid substitutions result in beta globin variants example Hb S,C, D, E, and G.  

Regardless of the type of variant screening is necessary as disease severity can range from insignificant to life threatening. Screening programs vary and the methods used by these programs vary.  So this document highlights what is being used currently by the majority of programs and touches briefly on older methods and newly developed methods only used by few.


V. History

e Historical perspective
beginning in the 1970s
up to present day with
addition to the RUSP

eScreening through hematology & Clinical manifestations

~N

eFeds allocate funding for some SCC
ePublic law 92-294

¢12 state labs have targeted screening
*NY universal screening for SCD

*NIH consensus statement recommends Universal
1970s thru screening

1990s ePenicillin shown to reduce mortality
eFunding to support screening and education
eOver 40 states have universal screening

/

*RUSP
eUniversal screening for all states + DC

2006 to Now
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Section IV we felt was necessary because history is what has brought us to this point in which we have uniform screening for Hemoglobinopathies.  We start with the 1970’s  in which only a handful of states had some form of screening for SCD.  This section also explains the transition from traditional methods to more robust methods as targeted screening was replaced with universal screening as well as a shows a distribution of the types of methods currently used by programs participating in the Newborn Screening Quality Assurance Program at CDC.


V. Specimen Types

e Satisfactory specimens
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 Unacceptable samples and transfusion
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This section discusses which samples are ideal for hemoglobin testing and the ideal times for collection.  Preferable for newborn screening is the dried blood spot. We refer the reader to NBS01-A6 for information on proper collection, storage and shipment of samples.  Confirmation and diagnostic testing requires whole blood collected with EDTA as opposed to Heparin.

We recommend that blood smears not be used for screening since it is unreliable as sickle cells may or may not be present at the time of collection.  Also blood smears cannot differentiate between heterozygous and homozygous variants

We also talk about transfusions and the fact that a transfusion may mask the Hemoglobin status of the patient and refer to recommendations from CLIA to retest the patient after 120 days.



VI. Methods

Isoelectric focusing

High Performance Liquid Chromatography
Cellulose Acetate Electrophoresis

Citrate Agar Electrophoresis

Alkaline Globin Chain Electrophoresis
Capillary Electrophoresis

Molecular Methods
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The methods section give a brief overview of the principle of each of these method.  Most labs in the US use isoelectric focusing and HPLC, however we included traditional methods like cellulose acetate, citrate agar and alkaline globin chain electrophoresis since some labs still utilize these methods as secondary or confirmatory methods.  We touch on capillary electrophoresis and molecular methods as these are gaining momentum in their use.  We gave a nod to whole genome sequencing and tandem mass spectrometry as future prospects for improving sensitivity and specificity for detection and confirmation of hemoglobinopathies.


VII. Advantages, Limitations, and

 Advantages

e Limitations

Testing Strategy
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FAST 0.112 110971 216914 70
Unknown 0210 6625 1727
il 0.264 188622 512679
F 0.450 242757 898514
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E/AZ 0967 10033 30342
s 1156 4181 12865
] OTHER(S) _ 1437 4797 19952
Pattern; *FA
Total Arca: 3102840
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Section VII discusses advantages, limitations, and testing strategy of some of the most commonly used methods. We also provide some typical examples of gels and chromatograms: basically what is produced by the methodologies as you can see above.

With regard to the advantages of the methods, for example with IEF we discuss the ability to test up to 80 samples on one gel which is advantageous for labs with high volumes, however limitations includes that fact that IEF can be labor intensive, time consuming, and involves multiple steps for analysis.  Reading the bands can also be difficult and subjective along with fact that it is difficult to quantitate bands.  We offer testing strategies that combat some of the limitations such as having multiple analysts read the IEF gels and an experienced analyst to make the final call for interpretation.  




VIII. Algorithms
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Abbreviations/ Key: F, S, A, C, and V = The hemoglobins seen in neonatal screening; HPLC: High
performance liquid chromatography; IEF: Isoelectric focusing: 1 = Repeat testing at 6 months age is
required if genotyping to confirm the newborn screening result is not done.

Source: Adapted from American College of Medical Genetics, 2009 and Dr. Aguinaga-NBS for
Hemoglobinopathies in TN, from the 11th Annual Research Symposium in Obstetrics and Gynecology
at Meharry Medical College-Nashville, TN. 2014.
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This section highlights a collective process workflow from the screening result to reporting as well as a confirmatory laboratory algorithm.  We additionally provide the workflow process of four state labs in the appendices section for review.


e Pre-analytical
e Analytical

IX. Quality Assurance

e Post-analytical KEE P
CALM

AND

LOVE
QUALITY
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In Section IX.  we discuss each phase of the QA process applied to screening and detection of Hemoglobinopathies.  For example we highlight use of qc materials for the analytical phase of testing.  Most often QC materials are provided by the test manufacturer in liquid form, but optimally the best QC is the same matrix as the specimens being tested.  

We also discuss the need for proficiency testing to monitor laboratory performance as part of the analytical phase.

For the post-analytical phase we touch on the importance of accurate reporting  of results and actions to take regarding positive screen results and the need for follow-up.




X. Follow-up

Short-term follow-up

Relationship of lab and follow-up staff
Training of follow-up staff

Process algorithms for disease versus trait
Follow-up activities for adult screening
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We next discuss short term follow-up which is serves to ensure that all infants with a screen positive results receive a definitive diagnosis in the most expedient manner possible and clinical management if confirmed.
We highlight the relationship between lab staff and follow-up staff.  Some state labs report results directly to providers whereas others report results to follow-up staff and they in turn report to providers.  Either case requires expertise in nomenclature and clinical significance.   Staff conducting follow-up need basic knowledge about SCD and related thalassemias, inheritance patterns and the difference between benign and clinically significant, and the clinical course of disease.

Additionally, we discuss algorithms for notification of disease versus trait in infants and adults and best practices for genetics counseling.
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Lastly let me close with once again showing you the face of this document.  It is downloadable from www.APHL.org.  Additionally, there is an accompanying webinar that will soon be available also at APHL.org as continuing education.
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