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Common causes of acquired extravascular destruction of red cells

• Hypersplenism

• Infections (bartonella bacilliformis, babesia, malaria)

• Lead, copper, snake and spider bites

• Auto-immune hemolytic anemia (warm or cold, drugs)

• Oxydant agents (dapsone, nitrites, …)



Common causes of acquired intravascular hemolysis in adults

• Microangiopathic hemolytic anemia: TTP, HUS, prosthetic valve leak

• Direct trauma (runners)

• Transfusion reactions

• Infection (clostridium perfringens sepsis with degradation of 
phospholipids of the red cell membrane bilayer and the structural 
membrane proteins,  severe malaria)

• Paroxysmal nocturnal hemoglobinuria

• Liver disease with acquired alterations in red cell membrane

• Cold agglutinin disease / paroxysmal cold hemoglobinuria

• Intravenous infusion with hypotonic solutions

• Snake bites

• Compounds with high oxydant potential (copper poisoning, Wilson 
disease)

• IV immunoglobulins



Autoimmune hemolytic anemia (AIHA)

• Definition

 Destruction of red blood cells (hemolysis)

 Due to autoantibodies

 With or without complement activation

• Detection of autoantibodies by a positive direct antiglobulin test (DAT) or 
direct Coombs test

• Rare incidence: 1/100000/year

• A negative direct Coombs does not exclude the diagnosis of AIHA

• Presence of microspherocytes in blood smear may support the 
suspected diagnosis of AIHA with negative Coombs

• Warm or cold antibody?

 laboratory criteria

 optimal temperature for autoantibody binding to RBC



Autoimmune hemolytic anemia (AIHA)

• Normal subjects

• Positive Coombs test in normal blood donors: 1/1000 to 1/36000

• Risk factors: AIDS, drugs, age, elevated IgG, cardiolipin antibodies

• A positive Coombs test may predate a malignancy by months to years



Autoimmune hemolytic anemia (AIHA)

• Importance of isotype

 IgM are very efficient in complement activation

 Only one molecule of antibody is needed

 IgG1 and IgG3 are efficient complement activators

 IgG2 and IgA are weak complement activators

 IgG4 does not activate complement

 Generally, complement system not completely activated



Autoimmune hemolytic anemia (AIHA)

• Importance of isotype

Cold antibodies

 Optimal binding to RBC below 30°C

 Mostly of IgM isotype

Warm antibodies: 75%-80% of the cases

 Optimal binding at 37°C

 Mostly IgG, less commonly IgM, rarely IgA 

Biphasic antibodies

 Optimal binding below 30°C

 Induce complement activation at 37°C



Autoimmune hemolytic anemia

• RBC coated with IgG with/without
C3/C3d

 preferentially removed via FC-
gamma mediated phagocytosis in 
the spleen

• RBC coated with C3/C3d in the 
absence of IgG

 destroyed via complement-
receptor mediated phagocytosis in 
the liver

• IgM: complement activation possible 
until formation and introduction of the 
membrane attack complex leading to 
intravascular hemolysis

• IgG: 20-60%

• IgG+C3d: 25-65%

• C3d alone: 7-15%

• IgM+C3d: 15%



Autoimmune hemolytic anemia (AIHA)
Zeerleder S. Autoimmune haemolytic anemia – a practical guide to cope with a diagnostic and therapeutic challenge. The Netherlands Journal of 

Medicine 2011;69:177-184

• Indirect antiglobulin test

 Detection of allo or  
autoantibodies present in the 
patient’s serum

• Direct antiglobulin test

 Detection of allo or 
autoantibodies or 
complement bound in vivo to 
patient’s RBC

• Polyspecific anti-human globulin 
reagent does not contain anti-IgA

• Repeat the DAT with anti-IgA, 
anti-IgG, anti-IgM, anti-C3c and 
anti-C3d to confirm the DAT to be 
negative if suspiscion of AIHA is 
strong



Autoimmune hemolytic anemia: etiology

• Idiopathic AIHA

• Congenital abnormalities of the immune system

 Common variable immunodeficiency

• Viral infection

 EBV, HIV

• Autoimmune diseases

 LED

 RA, scleroderma, ulcerative colitis…

• Lymphoma

 CLL: 11%

 NHL: 3%



The direct antiglobulin test: A critical step in the evaluation of hemolysis

American Journal of Hematology
Volume 87, Issue 7, pages 707-709, 6 MAY 2012 DOI: 10.1002/ajh.23218
http://onlinelibrary.wiley.com/doi/10.1002/ajh.23218/full#fig1

Fully automated laboratory systems

visually

http://onlinelibrary.wiley.com/doi/10.1002/ajh.v87.7/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/ajh.23218/full#fig1
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The direct antiglobulin test: A critical step in the evaluation of 
hemolysis

American Journal of Hematology
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Proposed unifying hypothesis of drug-induced antibody reactions. The thicker, darker lines represent 
antigen-binding sites on the Fab region of the drug-induced antibody. (A) Drugs (haptens) bind loosely 
(or firmly) to cell membranes, and antibodies...

George  Garratty

Immune hemolytic anemia associated with drug therapy

Blood Reviews Volume 24, Issues 4–5 2010 143 - 150

http://dx.doi.org/10.1016/j.blre.2010.06.004



Immune hemolytic anemia associated with drug therapy
Blood Reviews 2010;24:143



Autoimmune hemolytic anemia

• Cold antibody AIHAs

 Cold agglutinin disease

 Paroxysmal cold hemoglobinuria



Autoimmune hemolytic anemia:Cold agglutinins disease

 15% of AIHA cases

 1 per million people per year

 IgM-mediated process in 90% of patients

 Finding of agglutination without antiglobulin antisera 
in microtiter wells at 4°C

 Extravascular and intravascular hemolysis mediated 
by complement



Autoimmune hemolytic anemia:Cold agglutinins disease

• Polyclonal or monoclonal

 Polyclonal: usually children and young adults

 post-infectious setting: Mycoplasme, EBV, Legionelle, CMV, …

 Usually self-resolving

 Monoclonal: usually older patients

 Long-term disease

 Frequent resistance to therapy

 May be associated with lymphoproliferative disease



Autoimmune hemolytic anemia:Cold agglutinins disease

• Clinical manifestations

 Hemolysis

 Transfusion: > 50% of patients

 Therapy necessary in 70% of patients

 Cold-induced circulatory symptoms

 Livedo reticularis

 Raynaud disease

 Acrocyanosis

 Cutaneous necrosis

 Splenomegaly: rare



Cold agglutinin disease: clinical manifestations



Autoimmune hemolytic anemia:Cold agglutinins disease

• Diagnosis

 Hemolytic anemia

 Reticulocytosis

 Hyperbilirubinemia

 Low haptoglobin

 LDH 

 Positive Coombs testing

 for anti-C3

 Classically negative anti-IgG

 Most agglutinins clinically non significant (only 14%)

 Titer: significant when > 1/512

• After diagnosis

 Infection? Malignancy? Autoimmune disease?



Autoimmune hemolytic anemia:Cold agglutinins disease

Blood 2013;122:114-1121

90%,in an other report



Autoimmune hemolytic anemia:Cold agglutinins disease

Blood 2013;122:114-1121

Underlying hematologic disease in 76% of patients



Autoimmune hemolytic anemia:Cold agglutinins disease

Blood 2013;122:114-1121

89 patients from 1970 through 2012

Rituximab associated with high response rates but complete and sustained remissions are rare

Cold avoidance!!!



Paroxysmal cold hemoglobinuria
Petz: cold antibody autoimmune hemolytic anemias. Blood Reviews 2008;22:1-15



Paroxysmal cold hemoglobinuria
Petz: cold antibody autoimmune hemolytic anemias. Blood Reviews 2008;22:1-15

Biphasic hemolysin
Sensitizes RBCs in the cold
Induces hemolysis when the RBCs reach 37°C
Normal RBC incubated with the patient’s serum at 0°C and moved ato 37°C 
for further incubation
No lysis following incubation at 0°C
No lysis if incubation at only 37°C



TTP



Complement-mediated lysis of PNH erythrocytes. 

Parker C J Hematology 2011;2011:21-29

©2011 by American Society of Hematology



Treatment algorithm based on disease classification. 

Parker C J Hematology 2011;2011:21-29

©2011 by American Society of Hematology



Clinical and Laboratory Findings in Vitamin B12 Deficiency.

Stabler SP. N Engl J Med 2013;368:149-160



The Normal Mechanisms and Defects of Absorption of Vitamin B12.

Stabler SP. N Engl J Med 2013;368:149-160

HC: haptocorrin
TC: transcobolamin



Serum Methylmalonic Acid and Total Homocysteine Concentrations in 491 Episodes of Vitamin 
B12 Deficiency.

Stabler SP. N Engl J Med 2013;368:149-160



Causes and Treatment of Vitamin B12 Deficiency.

Stabler SP. N Engl J Med 2013;368:149-160



Vitamin B12 deficiency: diagnosis

• > 300 pg/ml or > 221 pmol/l:

 cobolamin deficiency unlikely (probability 1-5%)

• 200 to 300 pg/ml or 148 to 221 pmol/l:

 Borderline result; cobolamin deficiency possible

• < 200 pg/ml or <148 pmol/l

 Low; consistent with cobolamin deficiency (specificity 95 to 
100%)

• When

 Serum cobolamin value at the lower end of the normal range or 
in the borderline range and high degree of suspiscion
(unexplained neurological complaints or macrocytosis)

 Dosage methylmalonic acid and homocysteine



Laboratory Testing in Vitamin B12 Deficiency.

Stabler SP. N Engl J Med 2013;368:149-160



Folic acid deficiency

• Nutritional deficiency

 Alcoholism

 Poor dietary intake

 Overcooked food

 Depression

 Nursing homes

• Malabsorption

 Celiac disease

 IBD

 Short bowel syndrome

• Drugs

 Methotrexate

 Trimethprim

 Ethanol

 Phenytoin

• Increased requirements

 Chronic hemolysis

 Pregnancy

 lactation



Folic acid deficiency

• Small body stores small (5-10mg) in relation to daily requirements (200 to 400 ug)

• Megaloblastosis can occur in 4 to 5 months

• No neurological changes

• Serum folate concentration is reflection of short term folate balance

• Red cell folate is a time-averaged value of folate availibility

• Folate > 4 ng/ml: no deficiency

• Folate < 2 ng/ml: folate deficiency

• 2 < folate < 4: borderline values: dosage of red cell folate (and homocysteine?)

• Administration of folic acid may worsen neurologic complications of untreated vit 
B12 deficiency



Sideroblastic anemias

• Sideroblasts

 Nucleated red blood cell precursors (erythroblasts) with one or more 
iron containing granules in the cytoplasm

 Found in the bone marrow of normal iron-sufficient subjects

 Normal sideroblasts show random iron deposits, typically 1-5, in the 
cytoplasm. 

http://histology-world.com/photoalbum/displayimage.php?album=65&pid=1238#top_display_media



Sideroblastic anemias

• Abnormal sideroblasts

 Increase of granular iron deposits around the nucleus

 In the most abnormal form, granules completely surround the nucleus = 
ring sideroblasts = diagnostic feature of sideroblastic anemia

 Reflect aberration in the processing of iron by the erythroblast

 Insufficient production of protoporphyrin to utilize the iron delivered to 
erythroblasts

 Faults in mitochondrial functions that affect iron pathways or impair 
mitochondrial protein synthesis



Sideroblastic anemias

• Amount of iron in BM macrophages increased due to ineffective hematopoisis

• Iron overload

 Present in many congenital and acquired clonal forms

 Usually absent in the acute, reversible forms

• Ring sideroblast abnormality may be masked when concomitant iron deficiency

Refractory anemia with ring sideroblasts masked by iron deficiency anemia Blood 2011;117:5793

After iron repletion



Classification and causes of sideroblastic
anemias

• Congenital

 Genetically and clinically heterogeneous

 Diverse underlying causes, inheritance patterns, clinical
phenotypes and associated features

 Syndromic affecting multiple systems

 or non-syndromic

• Acquired

 Clonal-Neoplastic

 Metabolic/reversible



Classification and causes of sideroblastic
anemias

• Acquired

 Clonal-Neoplastic

 Refractory anemia with ring sideroblasts (RARS)

 Refractory anemia with ring sideroblasts and thrombocytosis
(RARS-t)

 Refractory cytopenia with multilineage dysplasia and ring 
sideroblast (RCMD-RS)

 Metabolic/reversible

 Alcoholism

 Drugs (linezolid, isoniazid, chloramphenicol)

 Copper deficiency

 Hypothermia



Classification and causes of sideroblastic
anemias

• Acquired

 Clonal-Neoplastic

 Refractory anemia with ring sideroblasts (RARS)

 Pure sideroblastic anemia

 Sometimes difficult to distinguish from X-linked sideroblastic anemia
in female subjects

 Best overall prognosis of all MDS variants

 Pyridoxine: no response expected

 Refractory anemia with ring sideroblasts and thrombocytosis
(RARS-t)

 Frequent presence of the JAK2 mutation

 Mixed myeloproliferative and myelodysplastic syndrome

 Refractory cytopenia with multilineage dysplasia and ring 
sideroblast (RCMD-RS)

 True MDS



Acquired metabolic sideroblastic anemias

• Erythroid heme biosynthesis or mitochondrial functions
adversely affected by acquired factors

• Sideroblatic anemia fully reversible when the offending
factor is removed

 Alcoholism

 Drugs (linezolid, isoniazid, chloramphenicol)

 Copper deficiency

 Hypothermia



Lewis G et al. (2007) A case of persistent anemia and alcohol abuse

Nat Clin Pract Gastroenterol Hepatol 4: 521–526 doi:10.1038/ncpgasthep0922

Different factors that can contribute to anemia and/or a low 
hematocrit in alcoholic patients



Acquired metabolic sideroblastic anemias

• Alcohol

 Ring sideroblast abnormality

 25-30% of anemic alcoholic patients

 Usually when malnutrition and folic acid deficiency

 Inhibition of several enzymatic steps in the heme pathway



The mammalian heme biosynthetic pathway. 

Dailey H A , and Meissner P N Cold Spring Harb Perspect Med 2013;3:a011676
©2013 by Cold Spring Harbor Laboratory Press

Uroporphyrinogen 
decarboxylase

Ferrochelatase Coproporphyrinogen 
oxidase

Succinyl-CoA + Glycine

5 aminolevulinate synthase

Inhibition by alcohol

Pyridoxal phosphate aids in the 
synthesis of hemoglobin, by serving as 
a coenzyme for the enzyme ALA 
synthase



Acquired metabolic sideroblastic anemias

• Alcohol

 Interference with vitamin B6 metabolism (pyridoxal 
phosphate aids in the synthesis of hemoglobin, by serving
as a coenzyme for the enzyme ALA synthase)

 Direct effect on mitochondrial protein synthesis ?

 Withdrawal of alcohol

 Disappearance of ring sideroblasts within days to 2 weeks

 Resolution of anemia depends on presence or not of other
problems due to alcohol



Acquired metabolic sideroblastic anemias

• Drugs

 Isoniazide (INH)

 Moderate anemia / 1 to 10 months after initiation

 Interference with vitamin B6 metabolism

 Reversed by pyridoxine or by withdrawal of the drug

 Chloramphenicol

 Causes ring sideroblast abnormality in a dose dependent manner

 Suppresses erythropoiesis

 Inhibition of mitochondrial protein synthesis at the level of RNA 
translation

 Linezolid

 Inhibition of mitochondrial protein synthesis

Haematologica 2013;98:e138-140



Acquired metabolic sideroblastic anemias

• Copper deficiency

 Impaired intestinal absorption and mobilization of iron from
reticuloendothelial cells and hepatocytes because of associated
lack of ceruloplasmin (ferroxidase function)

 Decreased heme synthesis from ferric iron and protoporphyrin
because of defective reduction of ferric iron to ferrous iron
(diminished activity of the copper-containing cytochrome 
oxydase)



The mammalian heme biosynthetic pathway. 

Dailey H A , and Meissner P N Cold Spring Harb Perspect 
Med 2013;3:a011676

©2013 by Cold Spring Harbor Laboratory Press



Acquired metabolic sideroblastic anemias

• Copper deficiency

 Impaired intestinal absorption and mobilization of iron from
reticuloendothelial cells and hepatocytes because of associated
lack of ceruloplasmin (ferroxidase function)

 Decreased heme synthesis from ferric iron and protoporphyrin
because of defective reduction of ferric iron to ferrous iron
(diminished activity of the copper-containing cytochrome 
oxydase)

 Impaired CD34+ cell differentiation and stem cell renewal



Acquired metabolic sideroblastic anemias

• Copper deficiency

 Prolonged parenteral nutrition

 Prolonged enteral feeding

 Malabsorption

 Bariatric surgery

 Use of large amounts of denture cream containing zinc

 Nephrotic syndrome (urinary losses of ceruloplasmin)

Br J Haematol 2013 Oct 14. doi: 
10.1111/bjh.12577. [Epub ahead of print

Gabreyes et al. Hypocupremia associated cytopenia and myelopathy: a national retrospective review. Eur J Haematol 2013;90:1-9



Acquired metabolic sideroblastic anemias

• Copper deficiency

 Neurologic manifestations

 CNS demyelination

 Peripheral neuropathy

 Optic neuropathy

 Myeloneuropathy

 Mimic subacute combined degeneration of the cord
associated with B12 deficiency (! possible coexistence of the 
two deficiencies!)

Br J Haematol 2013 Oct 14. doi: 
10.1111/bjh.12577. [Epub ahead of print

Gabreyes et al. Hypocupremia associated cytopenia and myelopathy: a national retrospective review. Eur J Haematol 2013;90:1-9



Acquired metabolic sideroblastic anemias

• Copper deficiency

 Hematologic manifestations

 Anemia (sometimes very severe)

 MCV normal or slightly increased

 Neutropenia

 Platelet count usually normal

 Sometimes pancytopenia

 Serum iron and transferrin saturation normal

 Serum copper and ceruloplasmin levels are decreased

 Differential diagnosis: MDS (allo-BMT in one patient!!!!!)

Br J Haematol 2013 Oct 14. doi: 
10.1111/bjh.12577. [Epub ahead of print

Gabreyes et al. Hypocupremia associated cytopenia and myelopathy: a national retrospective review. Eur J Haematol 2013;90:1-9



Acquired metabolic sideroblastic anemias

• Copper deficiency

 Therapy: 

 parenteral or oral copper: 2 mg elemental copper/day

 Resolution of hematologic abnormalities in < 2 months

 Neurologic deficits may improve or only stabilize

Gabreyes et al. Hypocupremia associated cytopenia and myelopathy: a national retrospective review. Eur J Haematol 2013;90:1-9
Kumar et al: « Myelodysplasia », myeloneuropathy ans copper deficiency. Mayo Clin Proceedings 2005;80:943



Acquired metabolic sideroblastic anemias

 Hypothermia

 Sensitivity of several mitochondrial functions to reduced
temperature

Gabreyes et al. Hypocupremia associated cytopenia and myelopathy: a national retrospective review. Eur J Haematol 2013;90:1-9
Kumar et al: « Myelodysplasia », myeloneuropathy ans copper deficiency. Mayo Clin Proceedings 2005;80:943
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