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RBC abnormalities

Winona State University CLS 
Program

November 6, 2010

18 month old male
seen in the ED for fever
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Diagnosis of 
Iron Deficiency Anemia

• MCV
• Serum iron
• TIBC
• Iron saturation
• Ferritin 
• Bone marrow tests

Testing for Iron Deficiency

• “Classic” tests only helpful in few patients

• Tests affected by concurrent illness and age

• Fe:  Highly variable, diurnal variation, diet

• MCV:  lacks sensitivity and specificity

• RDW:  not very useful

• Saturation: low in both ACD and iron deficiency 
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MCV
• Decreased due to lack of rbc iron
• Can be decreased in anemia of chronic 

disease
• MCV < 70 seen only in iron deficiency and 

thalassemia
• Can be normal in iron deficiency

Serum Iron

• Decreased in any stressful situation

• Marked variation in levels
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Total Iron Binding Capacity
• Surrogate for transferrin
• Increased in iron deficiency
• Decreased in inflammation
• Specific but not sensitive



7

Iron Saturation

• Iron/TIBC
• <16% seen in both iron deficiency and 

anemia of chronic disease
• Does not add to information provided by 

TIBC

Serum Ferritin

• Serum ferritin proportional to iron stores
• Needs iron to be produced
• Acute phase reactant only in presence 

of iron
• Most accurate non-invasive test of iron 

stores
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Iron Deficiency

• Serum ferritin is best non-invasive test of iron 
status
– > 100 ng/dl rules out iron deficiency
– Lower limit changes with age and condition

• Patient over 65 with ferritin < 50 all iron deficient
– Iron deficiency predictor of colon cancer
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Bone Marrow

• Direct measure of iron stores

• “Gold standard”

• Invasive and expensive
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ACD – Anemia of Chronic Disease

• Defective iron utilization

• Acts like iron deficiency – but plenty of iron 
in marrow

Summary

• RDW, serum iron, saturation:  little value
• TIBC: specific but not sensitive
• Ferritin: best non-invasive test
• Bone marrow: gold standard
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Response to Oral Iron

• Increased retic 7-10 days 

• Increased hct 2-3 weeks

• Normalized 2 months

Lesions Identified in Patients With Iron 
Deficiency

• Esophageal: 12%
• Stomach: 25%

– Cancer: 3%

• Ulcer: 6%
• Large intestine: 22%

– Cancer: 9%

• Nothing: 35%
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10 year old boy
Developmental delay
Mother noted jaundice
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N

-spectrin

-spectrin

Band 3

Protein 4.1

Protein 4.2

Iolascon, Achille, et.al., Hœmatologica 1996, p548.

Chart Review

• Patient developmentally delayed

• Abnormal chromosomes – translocation 
involving chromosome 14q24

• Gene for spectrin is located at 14q23
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Infant with hereditary 
spherocytosis

Age 10 days 1  month 4 months 7 months 9 months
Hgb 10 7.6 5 7.9 6.1 
Retics % 3.3 6.4 10.2 11.9 
MCV 92.5 88.4 81.7 82.8 81 
MCHC 36.9 35.5 32.9 33.5 32.4 

Patient B.B.
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Hereditary spherocytosis

• Consider dx in normocytic anemia with 
RDW>14

• Only disease with increased MCHC (>35)

• 1/5000 Europeans
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44 y.o. WM

• Presented to Hospital 1

• 1 week history of weakness, fatigue, dark 
urine.

• No other symptoms

Outside Hospital #1

• Positive DAT (Coomb’s)

• Negative antibody screen

• Specimen sent to Red Cross Reference 
Laboratory for workup of  + DAT

• 10 units pRBCs given

• Transferred to Hospital 2
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Hospital 2 - Labs

• H/H   8.2/23.3

• Tbil 13, mostly indirect

• + Mycoplasma IgM

Hospital 2

• Blood Type O+ 
• DAT negative (no antibodies coating the red 

cells)
• Antibody screen negative (no antibodies in the 

serum)
• All crossmatches compatible (no reaction with 

any donor units)
• 14 units pRBCs given
• Transferred to referral hospital
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ARC Report – Hospital 1

Referral Hosp Labs

• H/H:   5.3/14.9 after 24 units RBCs

• Decreased retics

• WBC 14,000; 66%P

• Platelets 61,000

• Fe studies normal

• Tbil 4.2, Dbil 0.8
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Serum Chemistries

• Alb 2.1 (SPE, IFE normal)

• K 3.4, Ca 6.7, Mg 2.4, BUN 21, Creat 0.6

• AST 66; ALT 104; Alk phos 72

Referral Hospital Imaging

• CXR – normal

• GB U/S – normal

• CT - enlarged spleen with peripheral 
inhomogeneities suggestive of infarcts
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Peripheral Smear 
(mostly transfused cells)

Original Peripheral Smear
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Bone Marrow Workup

Bone Marrow Aspirate
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Bone Marrow Aspirate - Oil

Bone Marrow Biopsy
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Bone Marrow Biopsy

Bone Marrow Biopsy



30

Marrow Iron Stain

Referral Hospital Routine Testing

• Type O Rh +

• DAT (Coomb’s) negative

• Serum antibodies – negative

• All crossmatches compatible
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Mycoplasma Infection

• Associated with production of a cold 
autoagglutinin, anti-I  

• Appears by second week of diagnosis

• IgM may remain positive up to 4 yrs

Cold Agglutinin Screen
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Causes of Neg DAT

• Negative DAT in 2% WAIHA cases

• Antibody coating below sensitivity of DAT

• IgA or IgM antibodies

• Altered RBC antigen expression

Direct Antiglobulin (Coomb’s) Test
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“eluate”

“eluate”

Patient Cells

Test Cells
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“eluate”

Test Cells

Patient Cells

Concentrated Eluate
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Concentrated Eluate

Concentrated Eluate
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Serum Antibodies in WAIHA

• Spillover of autoantibody

• Alloantibodies
– History of prior transfusion or pregnancy

Serum Antibodies in WAIHA

• 57% have + antibody screen

• 89% positive with enzyme treated cells
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Enzyme Panel - Serum

Enzyme Panel - Serum
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Auto- or Allo- Antibody?

• Antibody coating patient’s cells (mostly 
transfused cells):  
– Anti-c

• Antibodies in patient’s serum
– Anti-c

– Anti-E

Auto- or Allo- Antibody?

• Antibody coating patient’s cells (mostly 
transfused cells):  
– Anti-c

• Antibodies in patient’s serum
– Anti-c

– Anti-E

• Patient’s Rh phenotype:  D+c+E+e+
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Referral Hospital Course

• 16 units pRBCs

• Decreasing transfusion requirement

• H/H:  9.4/26.6

• Steroids, IVIg

• Folate

• Splenectomy vaccines

Serologic Workup of WAIHA

• “Time-consuming 
complex algorithm”
– G. Garratty

• Up to 6 hours to exclude 
alloantibody 

• 24 to 48 hours to do a 
complete workup

• Requires experience, 
rare cells, sera.
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Serum

Z-zap Autoabsorption

WAIHA

• Incidence 1/80,000

• Midlife, F>M, 50% unknown cause

• 80% IgG autoantibodies
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↓Retics and “missing” antibodies

• Features of WAIHA without detectable 
antibody 

• Spleen highly sensitive to low density antibody 
coating

• Splenic macrophages may have upregulated Fc
receptors due to infection or immunization

• Retics may have ↑ expression of offending 
antigen

Reticulocytopenia in WAIHA

• Portends a more serious prognosis
• Decreased retics when most anemic
• Destruction of young RBCs by antibody
• May last up to 160 days then abruptly rises. 
• Recovery is the rule if red cells given to 

sustain life during reticulocytopenia.  
• Medullary destruction
NEJM, 1982
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IVIg Therapy in WAIHA

• Modulates expression and function of Fc
receptors

• T-suppressor activation

• Inhibits B-cell maturation

NEJM, 2001

Splenectomy

• 50-60% show good initial response

• Cannot predict response based on age, DAT 
strength
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Steroid Therapy

• Nonspecific – disables macrophages

• After weeks – decreases antibody production

Rituximab

• Mature plasma cells are CD20-negative

• Earlier B-cell precursors
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Plasma Exchange

• Stabilization of critical patient prior to surgery

• Good response in some patients refractory to 
other therapy

5 year old boy

• Presented to the ED

• 3 days of severe diarrhea
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CBC

• WBC 9,000

• Hb 5.5

• Hct 17

• Plt 10
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Hemolytic Uremic Syndrome (HUS)

• Microangiopathic hemolytic anemia 

• E.Coli 0157:H7 infection (after 2-7% 
infections)

• Shiga-like toxin

• Activates platelets – microthrombi

• No consumption of coag factors
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ADAMTS 13

• Cleaves vW factor

• Inhibition of ADAMTS13 causes platelets 
to clump and adhere to capillary walls 
forming microthrombi

• TTP – autoantibody 

Microangiopathic hemolytic anemia

• HUS

• 5-10% mortality

• Children 4mo-6yr

• E. Coli 0157:H7

• Toxin inhibits ADAMTS 
13

• Plasma exchange not 
used

• TTP

• Adults

• Mortality 95% without 
treatment

• Autoimmune or drug 
related

• Autoantibody inhibits 
ADAMTS 13

• Plasma exchange with 
FFP or cryo-poor FFP
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Questions/discussion


