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GOALS AND OBJECTIVES

A Describe Measurements Of Hemoglobins
A Introduce Role of HPLC

A Case Studies

A New Finding--Only A1C Detects Variant
A Questions And Answers



REASONS FOR HEMOGLOBIN ID
AND QUANTIFICATION

ANewborn Screening

APrenatal Screening

A:ollow-up Newborn Screening
ADiagnosis Cause of Microcytosis
AAnemia, Polycythemia, Chronic Hemolysis
AHemogIobinopathy Blood Replacement
AUneprained Alc Results




Polypeptide
chain

a chain

(b) Hemoglobin



WHY USE HPLC?

AAdvantages
I Throughput 11 Specimens/hour, 24 Hr Cal.
I Analytic Sensitivity @ Low Concentrations
I Improved Precision
| Better Separation
I Less Referrals For ID

ADisadvantages
i More ComplexY Higher Skill Level
I Co-elution Of Hemoglobins



Hemoglobin Electrophoresis
Patterns

Paragon (Alkaline) Hb




STRUCTURE HEMOGLOBINS

Hemoglobin | Globin Chain Adult L evel
A U232 A >95%
A, 202 2-3%
F U2 A2 F< 2.0%




COMMON HEMOGLOBIN POINT
MUTATIONS

A Alpha Chain Variants

i G Philadelphia (U68 AsnY Lys)
A Beta Chain Variants
S (a6 GIuY Val)
C (36 GluY Lys)
E (426 GluY Lys)
D Los Angeles @22 GluY Glin)
A Delta Chain Variants

A20 U16 GlyY Arg)



INTERPRETATION OF HPLC RESULT

A Hemoglobin Retention Time

A Variant Hemoglobin Percentage*
A A, Percentage*

A Number of Variants*

A CBC Indices*

A Transfusion History

A Age

A Clinical Course*

A = Changed By Thalassemia



BIO-RAD VARIANT WINDOWS

PEAK NAME | RETENTION PEAK NAME | RETENTION
TIME (MIN) TIME (MIN)

- Window |0.98-1.20 |A, Window |3.30-3.90

P2 Window | 1.24-1.40 |D Window |3.90-4.30

P3 Window | 1.40-1.90 |S Window [4.30-4.90

A, Window |1.90-3.10 |C Window |4.90-5.30




INTREPRATION OF RESULTS

# Abnormal A% AVA) VARIANT |EXAMPLE
Peaks (%)

1(25-40) |50-60 |3.5-4.5 |a-Chain |AS, AC

2 (25, 1.0) |70-80 |1.5-2.2* |U-Chain |AG-Phil

2 (50,45) |0 3.5-4.5 |2 a-Chain |SC
3 40-50 | 2.0* 19’1 a-, |ASG
(12, 20,14) 1U a Philly

Chalin




EEES SR

B : AN §
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Unknown X.2
P2 —— 3.6 134 85112
P3 e 3.4 1.68 g0644
2o - 87.¢ 2.47 2066547
A2 3.1 - 3.67 6746¢

Total Area: 2351¢26

F Concentration = 1
A2 Concentration = 3
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_Peak Name | Aze | Aaze , o & o
E Ll = 1.11 24198 F 14.0~ ——~ ~1.15 269456
Unknown —— E.2 1.24 27659 P2 D 4.9 1.31 100105
P2 = 3.6 1:34 85112 P3 RS 3.8 1.68 775586
P3 = 3.4 1.68 80644 RO Zi 76.2 2.51 1567074
2o — 87.9 2.47 2066547 22 2.2% = 3.66 41907
A2 3.1 -— 3.67 67466
Total Area: 2056498
Total Area 23516286
F Concentration = 14.9*% %
F Concentration = 1.2 % A2 Concentration = 2.2* %
A2 Concentration = 3.1 %

*Values outside of expected ranges
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INTREPRATION OF RESULTS

AHemogIobin =
| >2-80% Babies
I 90-100% Homozygous Hereditary Persistence
Fetal Hemoglobin,a® G & Thal
I 15-40% Heterozygous HPFH
I 10-25% SS, Hydroxyurea Treated

I 3-10% Homozygous Hemoglobinopathies,
Anemias, Leukemias, Malignancies,

I < 5% a-Thal, Lepore



:‘;‘* = : e - fCalibratedi = = | “Reteéntion | < Peak ‘Retention |  Peak
. Peak Name izea ; ca Time (min) | area
F 1.2 - 1.11 24198 Pl —-—— 0.1 0.69 3027
Unknown —-—— X2 1.24 27659 F 0.1*% -——- 1.05 1338
P2 = 3.6 1:34 85112 Unknown — 2l 1.22 54470
P3 = 3.4 1.68 80644 P2 —— 16 B | 131 298605
2o s 87.9 2.47 2066547 P3 = 5.8 171 147438
A2 3.3 -—— 3.67 67466 Ao —— 78.0 292 1977886
B2 223 = 3.68 53485
Total Area: 2351626
Total Area: 2534251

F Concentration =

1
A2 Concentration = 3. F Concentration = 0.1*%* %

A2 Concentration = 2.3 %

*Values outside of expected ranges
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INTREPRATION OF RESULTS

AHemogIobln A

I Increased P2-? Diabetes (yA,C>7%)
I Increased P3-(>P2) Old Specimen

I Inverse of Other Hemoglobins

I Focus on Abnormal Hemoglobins




Unknown —-— X2 1.24 27659
P2 ——= 3.6 133 85112
P3 — 34 1.68 80644
2o - 87.8% 2.47 2066547
A2 3.1 -—— 3.67 6746¢
Total Aresa: 2351626
F Concentration = 1.2 %
A2 Concentration = 3.1 %
Analysis comments:
45.0
37.54
30.04
22.54
o0

Time (min.)

& 1.08 5585
Unknown == 30 T2 18049
P2 -— 4.8 1.29 30315
B3 === 3.9 1.65 72598
Ac =R 87.3 2.46 1634873
B2 1.6* === 3.58 28539
S-window ——= 1:2 4,58 21885
Total RArea: 1872847
F Concentration = 0.4 %
A2 Concentration = 1.6*% %
*Values outside of expected ranges
Analysis comments:
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HEMOGLOBIN 46

A Elutes in S Window

A §16 GlyY Arg

A Characteristic Low A Percentage (1.0-2.5%)
A Most Common In Blacks (2%)

A CBC Normal

A Little Consequence, Excepta-Thal (add A,)



INTREPRATION OF RESULTS

AHemogIobin A,

I Increased
A4.0-7.0% G Thalassemia, i+ Thal
A3.5-4.5% Hb AS, AC, SC, SS, CC
A6.5-14.0% Hb Lepore
A25-30% Hb E

I Decreased

A1.3-1.7% Iron Deficiency, Sideroblastic Aplastic
Anemias

A1.5-2.3% U Chain Variant (A26 YU Chain Variant



F - 1231
Unknown - X2 1.24
P2 - 3.6 134
P3 - 3.4 1.68
2o = 87.9 2.47
a2 1 -—— 3.67

F Concentration
A2 Concentration
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A ~ Peak

e me (mi Area
F g 3591 i 1.10 22809
Unknown - 0.7 121 15649
P2 —— 2.9 1.29 633383
Unknown ——— 0:7 1.41 15746
P3 ——— 4.1 1.68% 90311
Eo B 62.4 2.45 1358891
A2 31.0* -—— 3.71 612163

Total Area: 2178%62

F Concentration = 1.1 %
A2 Concentration = 31.0* %

*Values ocutside cof expected ranges
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HEMOGLOBIN E

A Found in SE Asia, 326Gl Lys
A Most Common Hemoglobinopathy Worldwide

ACompIicated by Iron Def, Thalassemia, A,
Elution

A Trait (Hb AE)
I Asymtomatic, No CBC Abnormalities

A Disease (Hb EE)
i Mild Anemia, Target Cells,ZRBC Survival
i ZOsmotic Fragility
i +Beta Thal = Severe, As Homozygous a-Thal
i +Alpha Thal=7Hb E
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F Concentration
A2 Concentration

Analysis comments:

45.0-

F - 1
Unknown 0.7 1.24 13343
P2 B2 L.31 59285
P3 2.7 1.70 49503
Unknown 3eD 2.07 64494
Ao 53.3 2.43 994394
A2 3. 656 21742
D-window 4.16 646098
Total Area: 1864110

F Concentration
A2 Concentration

*Values outside of expected ranges

Analysis comments:




HEMOGLOBIN D

D Window On Bio-Rad Variant

élZlGIu\"( Gln

Found In India (D -Punjab/D-Los Angeles)
Most Common D In U.S. Blacks (< 0.02%)
Trait Asymtomatic, No Anemia, Normal CBC
Disease Asymtomatic, No Anemia/ Hemolysis

D Los-AngelesS = Symptoms of Sickle Cell
Disease



1531 F 5.1+ 1,72 102587

Unknown 1.24 27 Unkncwn - 1.5 1021 27345
P2 1.31 g5 P2 —— 3.2 1.30 58855
P3 1.68 80 P3 — 2.2 1.66 41751
2o 2.47 066 Unknown — 7.2 2.04 133389
Vi 3.67 67 Ao - 41.6 2.42 774797
D-window o 38.2 4.20 710287

Total S-window - (1 555 4.60 12690

F Concentration

A2 Concentration

Analysis

comments:
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Total Area: 1861700

F Concentration = 5.1 %

A2 Concentration = $%

*Values outside of expected ranges
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HEMOGLOBIN G PHILADELPHIA

AElutes In D-Window
AUB8AsY Lys of Hb A and A,

AHeterozygote—CBC Normal

I Most Common U Chain Variant In Blacks,
Italians (25%), Chinese

i Associated With U-Thal (30%, 45%G)

A Association With S or C Common (Double
Heterozygote)
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- 1.11 ~ 24198 1. 37883
Unknown ST 1.2 1.24 27659 Unknown s== 0.2 1.23 2665
P2 = 3.6 1.3 85112 Unknown = 0.8 2.3 10443
P3 ——- 3.4 1.68 80644 2o = 1.9 2.28 26674
2o o 87.9 2.47 66547 A2 S.1- == 3.6% £4750
2 25 o 3.67 67466 S-window — == 89.7 4,54 1238264
Total Area: 2351626 Total Area: 1380480
F Concentration = 1.2 % F Concentration = 2.9% %
A2 Concentration = 3.1 $% A2 Concentration = 5.1* %
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HEMOGLOBIN S

S Trait (Hemoglobin AS) 866y Vval
Common In Blacks; Other Populations
Asymptomatic, Blood Sickles in Vitro
Protective Against Malaria

S Disease (Hemoglobin SS)
Severe Symptoms, Sickling in Vivo
Hydroxy Urea TreatmentY Induces F
CrisesY Bone Pain, Hemolysis, Stroke, etc
Similar Symptoms Other Double Heterozygotes (SC)



£ SR ‘| Retention ‘Peak
F L2 -— 11 24198 1.07 1598
Unknown — 1.2 1.24 27659 Unknown ——- 0.5 1,190 5868
P2 == 3.6 1234 g§5112 P2 -— 2.7 1.30 40100
P3 s 3.4 1.68 80644 P3 e 2.2 1.54 31753
2o — 87.9 2.47 2066547 Eo ——— 52.7 2.52 775665
72 3.3 -— 3.67 67466 22 3.1 —— 3.60 42249
S—window = 1.5 4.56 21638
Total RArea: 2351626 C—window o 37:5 3 5.18 552020
F Concentration = 1.2 % AA-O  7otal Brea: 1471820
A2 Concentration = 3.1 $% .
F Concentration = 0.1* %
A2 Concentration = 3.1 %
Analysis comments: *Values outside of expected ranges
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HEMOGLOBIN C

APrevalent in West Africa, 3% U.S Blacks
ATrait (Hb AC) 3661 Lys

I No Symptoms or Anemia,

I Hypochromia, Up to 40% Target Cells

ADisease (Hb CC)
I Mild Hemolytic Anemia, Spenomegly
I Rod Shaped Crystals in RBCs

I Normochromic, Normocytic Anemia,
I 40-90% Target Cells



