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Objectives

• The participant will be able to identify the disorders on the Michigan 
Newborn Screen that can be treated or cured by bone marrow 
transplant

• The participant will have increased recognition of suspicious signs and 
symptoms for immune deficiency in any patient.

• The participant will define the importance of the timing of referral for 
bone marrow transplant in the prevention of significant morbidity 
and mortality in the diagnoses presented.



BMT is a baby in medical history

• 1939 first allogeneic transfusion was given for aplastic anemiaradiation
exposure from atomic bombs prompted research into restoring marrow 
function

• 1956 E. Donnall Thomas in Cooperstown NY successfully performed the first 
malignant transplant, donor was a twin for leukemia
• Nobel prize 1990

• First successful non-malignant allogeneic from a donor in 1975 for an 
immunodeficiency syndrome in Minnesota

• Currently



Basics: What is Bone Marrow Transplant 
(BMT)?
• BMT is a treatment used to replace bone marrow that is unhealthy in 

some way with marrow that is healthy

• Can come from various sources and which source depends on the 
reason the recipient needs the transplant
• Autologous-the donor is the recipient.  A person gives receives their own 

bone marrow

• Allogeneic-the recipient receives someone else (a donor’s) bone marrow
• Bone marrow, usually taken from the donor’s hip

• Peripheral blood

• Umbilical cord blood



Basics: Transplant process

• Preparative regimen (or 
conditioning regimen)
• Chemotherapy and/or radiation is 

used to deplete or eliminate the 
recipient’s bone marrow to make 
room for new marrow

• The new marrow cells are infused 
via IV catheter in the patient’s 
room

• After about 14-21 days, the new 
marrow cells find their way to the 
marrow cavities and start 
producing new cells

• Prior to this process:

• the recipient’s organ function is 
tested to ensure they are a safe 
candidate for transplant

• A donor search is initiated to find 
someone with the best HLA match
• Search is performed through a 

registry of willing donors
• HLA is a gene located on 

chromosome 6 used to match donor 
and recipient to minimize risk of 
donor reacting to recipient 
• ABO incompatibility is allowed



Newborn Screening (NBS)

• Each year more than 250 Michigan babies - one in 400 to 500 
births- are found to have a disorder detected by newborn 
bloodspot screening.

• 54 diseases + hearing loss and congenital heart disease 
X-linked adrenaleukodystrophy is coming soon and will 
be BMT curable or treatable

• Started as just PKU in 1965 and has continued to grow 
and evolve

MDHHS (2019)



NBS

• Disorder List

• Amino Acid disorders

• Fatty oxidation disorders

• Organic acid disorders

• Hemoglobinopathies

• Endocrine disorders

• Lysosomal storage disorders

• First transplant for an inborn 
error of metabolism was in 1980 
for a patient with Hurler 
Syndrome (MPS IH)
• *Added to NBS  October 2017*

• Since then, over 2000 patients 
with inborn errors of 
metabolism have been 
transplanted

Vander Lugt (2014)



+NBS Guideline to Referral

• National Marrow Donor Program (NMDP) (BeTheMatch) publishes 
guidelines for referral

• All +NBS are referred immediately to genetics for confirmatory testing 
at Michigan Medicine
• Usually concurrently with referral to transplant for relavent disorders

• NMDP recommends immediate referral to transplant for any inborn 
error of metabolism or severe immune deficiency positive on NBS or 
at the time of diagnosis

NMDP 2019



+NBS Inborn Errors of Metabolism treated by 
BMT: Lysosomal storage disorders

Muccopolysaccharidoses
• *MPS IH (Hurler Disease)*
• MPS II
• (Hunter Disease)
• MPS IIIA-D
• (Sanfillipo Syndrome)
• MPS VI
• (Maroteaux-Lamy)
• MPS VII 
• (Sly Syndrome)

Glycoproteinoses
• I-cell Disease
• α-mannosidosis
• Aspartylglucosaminuria
• Fucosidosis

• Bolded=BMT is standard of care, all 
others are investigational

Vander Lugt (2014)



Sphingolipidoses

• Krabbe (Globoid
Leukodystrophy)

• Metachromatic Leukodystrophy

• Gaucher Disease with CNS 
involvement

• GM1 Gangliosidosis

• Tay-Sachs Disease

• Sandhoff Disease

Peroxisomal disorders

• X-ALD (x-linked 
Adrenoluekodystrophy)

• Pelizaus-

• Merzbacher Disease

+NBS Inborn Errors of Metabolism 
treated by BMT

Vander Lugt (2014)



+NBS Case Study: What happens if MPS left 
untreated?
• Lack of α-L-iduronidase results 

in inability to degrade heparan
and dermatan sulfate
• Results in accumulation of 

glycosaminoglycans (GAGs)  in 
tissue

• Missing enzyme in lysosome: α-
L-iduronidase

• Build up of: glycosaminoglycans 
(GAGs) 

• There is a disease spectrum 
based on how much enzyme 
activity is present 



Natural Progression of MPS without 
intervention
• Newborn appears normal and continues to develop normally 

until around 18 months of age
• Cognitive capacity diminishes
• Loss of language skills

• Coarse facial features present by age 2 as GAGs build in 
tissues

• Linear growth ceases around age 3

• Multisystem disease:
• Hepatosplenomegaly
• Progressive skeletal dysplasia develops in first 12-14 months

• Linear growth stops around 3 years of age

• Corneal clouding
• Thickening and stiffening of cardiac valve leaflets
• Hearing loss
• Recurrent rhinitis
• Tonsillar and adenoid hypertrophy
• Hydrocephalus

• Death by age 8-10



CASE Study: Timeline of +NBS 
Muccopolysaccharidosis
• DOB 12/30/18
• Positive NBS 1/10/19 UM genetic counselor called PCP
• Patient seen by genetics 1/11
• First BMT visit 1/25/19enzyme replacement therapy began immediately 

and BMT planned for age 3-6 months 
• Goal transplant before one year of age but also with normal enzyme levels
• Best neurodevelopmental outcomes before age 1

• 2/20/19 initial infusion of enzyme replacement therapy with laronidase
(Aldurazyme).

• 3/19/19 Broviac lines and Gtube placed
• 4/4/19 Admission for BMT 



+NBS
CASE STUDY:

ABNORMAL result: L-
Iduronidase



1/10/19 Abnormal NBS reportedgenetics
clinic visit 1/11
• Genetic confirmation testing resulted 1/11/19

• Two heterozygous pathogenic variants, c.1205G>A (p.Trp402*) and c.1861C>T 
(p.Arg621*), were detected in IDUA in this patient by DNA sequencing. 

• Urine muccopolysaccarides
• *POSITIVE* In this sample, the excretions of dermatan 

sulfate and heparan sulfate were elevated. These results 
are suggestive of a biochemical diagnosis of MPS I 
(Hurler/Scheie syndrome; alpha-L-iduronidase deficiency). 
Consider further diagnostic testing by enzyme assay or 
molecular genetic analysis. In rare instances these 
findings can also be associated with multiple sulfatase 
deficiency (MSD), a condition that can be confirmed by 
urine sulfatide analysis (MCL CTSA). 

• Alpha-L-Iduronidase, B 

Alpha-L-Iduronidase 0.0 L nmol/h/mL >=1.0 
Interpretation 

In this sample, the activity of alpha-L-iduronidase is 
reduced and may be consistent with a biochemical diagnosis 
of Mucopolysaccharidosis (MPS) type I.



+NBS CASE STUDY: Transplant Evaluation

• 1/25/19 HLA typing resulted

• Admission for BMT 4/4/19

• Enzyme replacement is available 
• Only corrects non-CNS 

manifestationsneed for BMT



How BMT treats or cures metabolic disorders

•Donor stem cells migrate to CNS and other tissues in 
the bodystem cells differentiate into microglia and 
macrophagesthe missing or inadequate enzyme is 
secreted in small amountsother cells nearby take 
up the secreted enzymedecreased substrate 
accumulation=slowed or halted disease progression

Vander Lugt (2014)



Growth after BMT



Cognitive development after BMT



Overall outcomes for patients with MPS1 
post-BMT

• Increase life expectancy

• Reduce obstructive airway symptoms

• Improve hearing and vision

• Improve growth

• Improve cardiac function

• Improve cognitive function

• Prevent or stabilize hydrocephalus

• Improve quality of life



Bone Marrow Failure (BMF) Syndromes

• BMF leads to significant 
immunodeficiency syndromes as 
marrow fails to produce cells of 
the immune system

• Bone Marrow Failure (BMF) 
syndromes are more common 
than previously believed
• There has been under detection of 

inherited syndromes

• Detection and identification of 
causation is imperative to guide 
proper treatment
• Genetic counseling
• Testing and identification of family 

members
• Donor source for BMT

• Can be inherited or are acquired

• Can vary in severity from one 
cell line to pancytopenia
• RBC, WBC, or platelets or all three





BMF: Aplastic Anemia
• Aplastic anemia is the most common BMF syndrome

• Meticulous history and physical is crucial 

• Most commonly present with symptoms of anemia or 
thrombocytopenia
• Fatigue, shortness of breath with exertion, pallor, increased or easy bruising 

and bleeding, prolonged bleeding, rash, dizziness, headache, palpitations, 
edema

• “inciting event” 6-8 weeks prior

• Although labs may resemble malignancy, particularly blood cancers, 
the presentation most often does not
• Malignancy presentation: fever, weight loss, infections, night sweats, 

adenopathy, hepatosplenomegaly



Causes of acquired Aplastic Anemia

• Toxins
• Cytotoxic agents, anti-epilietics, psychotropics benzene, alcohol, chloramphenicol, benzene, 

sulfas, nifedipine
• Often presents 2-6 months after the exposure

• Viruses: EBV, CMV, sero-negative hepatitis, HHV6,  HIV
- Other severe viral infections

• Radiation
• Auto-immune disorders
• Pregnancy



Lab Findings in Aplastic Anemia

Presentation

• Anemia, Neutropenia or low 
WBC, thrombocytopenia
• One or all of the above

• MCV increased with normal 
RDW

Classification for Severe Aplastic 
Anmeia (SAA)

• 2 of 3 peripheral blood criteria:
- ANC < 500/ml
- Platelets < 20,000/ml
- Reticulocytes     < 1% corrected (ARC < 

40,000/ul)
• Low retic indicates the marrow is not 

trying to increase counts

• 1 of 2 bone marrow criteria:
- < 25% cellularity on biopsy
- 25 – 50% with < 30% hematopoietic cells

• Very severe aplastic anemia
- ANC < 200/ml



Treatment options for Severe Aplastic Anemia

• Immunosuppression-Tcell suppression
• ATG (anti-human thymocyte globulin)
• Cyclosporine

• Usually respond within 3-6 months
• Response can range from complete normalization of counts to minimal response and 

transfusion dependence

• Bone marrow transplant
• Indicated for severe cases
• Ideally matched sibling donor

• No benefit from GVHD

• Outcomes continue to improve
• Markedly due to reduced intensity conditioning regimens with less toxicity



Bone Marrow Failure NMDP Referral 
Guideline
• “Absolute and urgent screening if”: Two or more moderate to 

severe cytopenias persistent greater than two weeks and a 
hypocellular bone marrow
• Diagnoses to refer at diagnosis: Fanconi anemia, Diamond-

Blackfan anemia, Shwachman-Diamond syndrome
• Other: VACTERL-H or multiple other congenital anomalies 

associated with FA, relative of a patient with FA considering 
BM donatin, Any patient with single-lineage or multi-lineage 
cytopenias without known cause who also has one or more 
congenital malformations strongly associated with FA.



Fanconi Anemia

• DNA repair problem, most diagnosed between 6-9 years of age

• Rare but one of the most common BM failure syndromes, incidence 
of 1 in 100,000 to 250,000 births

• Higher prevalence in Ashenazi Jews, Spanish Gypsies, certain 
populations from South Africa

• Refer immediately



Fanconi Anemia

• Labs:
• Anemia will be macrocytic, 

thrombocytopenia or 
pancytopenia, will present in 
varying severities and have 
different trajectories 

• DNA repair defect , you will see: 
chromosomal breakage upon 
exposure of cells to diepoxybutane
(DEB) or mitomycin C (MMC) 
[63,111].

• Can progress to myelodysplastic
syndrome and/or leukemia

• Congenital anomalies (up to 60-75% 
of patients):

• short stature, café au lait spots,  
microcephaly, developmental delay, 
thumb or hand abnormalities

• VACERL-H abnormalities (vertebral 
anomalies, anal atresia, congenital 
heart disease, tracheoesophageal
fistula, esophageal atresia, renal 
anomalies, and hydrocephalus), 
hypothyroidism (60%), other 
endocrine dysfunction

https://www.uptodate.com/contents/mitomycin-drug-information?topicRef=109795&source=see_link
https://www.uptodate.com/contents/clinical-manifestations-and-diagnosis-of-fanconi-anemia/abstract/63,111


Fanconi Physical Findings



Primary Immunodeficiency Syndromes

• First discovered in the 1950’s as agammaglobinemia
• Now over 240 primary immune deficiencies have been identified

• Incidence 1:10,000 live births

• Can be diagnosed on NBS but not always

• First successful transplant was in 1968 for a SCID patient
• Two more were reported within the year

• All three were alive and well 25 years later

• 94% survival rate with BMT in the first 3.5 months of life

• Outcomes continue to improve



Features of Primary Immunodeficiency

• Infections

• Granulomatosis (a type of vasculitis classically impacting lungs, 
sinuses, and kidneys)

• Autoimmunity

• Atopy

• Lympho-proliferation (not preceded by infection)

• Malignancy



Immunodeficiency syndromes by category: 
Antibody disorders
• Antibody disorders-most 

common worldwide
• 78% in US

• Agammaglobinemia-B-cells absent

• Hypogammaglobinemia-deficient 
or absent IgA, IgE, IgG, or IgM
• Combined variable immunedificiency

is a deficiency of two 
immunegolbulins

• IgA deficiency is most common in US
• Often incidentally found when 

checking Celiac titers

• Symptoms/presentations
• ear, sinus, and pulmonary 

infections

• GI symptoms
• Diarrhea

• Malabsorption

• IBS symptoms
• Look for C. diff, Giardia, Salmonella, 

Camphylobacter, and Yersinia



T-cell disorders
• 10% of immunodeficiency 

syndromes in the US

• Fun Fact: T cells are important 
to the function of B cells 
thereforeT cell deficiency
(often) combined T and B cell 
disorders

• Symptoms/Presentation:
• T cell deficiency usually present at 

birth
• Diagnosed most often under 3 

months of age
• Most worrisome: SCID-acute 

presentation with life threatening 
infection

• Diarrhea
• Failure to Thrive
• Opprotunistic infections
• Routine childhood infections that 

are more severe than expected



Phagocytic disorders

• Result from abnormalities in 
neutrophils or monocytes

• 8.5% of primary 
immunodeficiences in US

• Most common: Chronic 
granulatomas disease
• Usually diagnosed by age 5

• Severe congenital neutropenia 
and leukocyte deficiency type 1
• Usually present within first weeks 

of life

• Symptoms/presentations-
• High alert in infants: omphalitis, 

delayed separation of umbilical 
cold (>4 wks), and erosive perianal 
ulcers (<4 weeks)

• Recurrent pyogenic or fungal skin 
infections or abcesses
• Phagocytes cannot kill catalase-

positive organisms
• S. aureua, B. cepecia, Nocardia, 

Aspergillus, Serratia, and candida 
species

• Invasive infection or sepsis caused 
by these organisms should be 
suspicious



Complement disorders

• 3% of primary immune 
deficiencies in the US

• More than 25 proteins make up 
the complement pathway that 
compliments the way antibodies 
destroy bacteria

• Symptoms/Presentation
• Infections involving encapsulated 

organisms
• Recurrent pyogenic infections with S. 

pneumonia and H. influenzae

• Neisseria meningitis, sepsis, and 
arthritis



Immunodeficiency syndromes: How does 
BMT cure them?
• Hematopoetic stem cells make all blood cells including the cells of the 

immune system 

• Certain genetic conditions affect the number and/or function of 
either specific cells or all cells of the immune system
• Results in various immunodeficiency syndromes

• Transplanthealthy and functional donor hematopoetic stem cells 
replace the recipient’s dysfunctional hematopoetic stem cells and 
therefore the dysfunctional immune system



Clues in the presentation

• Three most helpful warning signs 
for primary immune deficiency
• Positive family history
• Diagnosis of sepsis with IV antibiotics
• Failure to thrive 

• Infections in multiple anatomic 
locations
• Recurrent infections in a single 

anatomic location are more 
suggestive of anatomic abnormality

• Increasing number and severity of 
infections with age
• Frequency and severity of infections 

should decrease with age

• Recurrent serious infections with 
common pathogens

• Serious infections with unusual 
pathogens



Immunodeficiency syndromes: Jeffrey Modell 
Foundation 10 Warning Signs
• Four or more new ear infections 

within one year

• Two or more serious sinus 
infections within one year

• Two or more months on 
antibiotics with little effect

• Two or more pneumonias within 
one year

• Failure to thrive in an infant

• Recurrent, deep skin or organ 
abscesses

• Persistent thrush or fungal 
infection on skin

• Need for IV antibiotics to clear 
infections

• Two or more deep-seated 
infections including sepsis

• A family history of primary 
immune deficiency



Starting the work-up

• CBC with differential
• Serum immunoglobulins
• Peripheral blood smear
• Inflammatory markers; ESR and CRP
• Vaccine titers 

• Can the immune system respond to create immunity

• HIV testing
• <18 mo needs to be by PCR due to maternal antibody
• >18 mo HIV antibody testing 

• Complement testing
• CH50



Final Take Home Thoughts

• Meticulous history and physical are curtail to prompt and accurate 
diagnosis

• When in doubt, refer
• In most cases, immediate referral is indicated

• BMT outcomes for non-malignant transplant continue to improve
• In most cases, outcomes are best with early transplantation 



References

• Jeffrey Modell Foundation. Retrieved March 25, 2019 from http://www.info4pi.org/

• National Marrow Donor Program (2015). NPO 1440

• Raje, N. & Dinakar, C. (2015). Overview of immunodeficiency disorders.  Immunology Allergy Clinic North America, 35 (4). 599-623.  

• Reust, C., (2013).  Evaluation of primary immunodeficiency disease in children.  American Family Physician, 87(11).  773-778. 
www.aafp.org/afp/2013/0601/p773.html

• Rodgers, Z. (2015). Pediatric Hematology Oncology Review Course.  Bone Marrow Failure. ASPHO. PPT

• Vander Lugt, M. (2016). Transplant for inborn errors of metabolism

• Vander Lugt, M. (2014). Hematopoeitic stem cell transplant for primary immunodeficiencies. PPT.

• https://www.merckmanuals.com/home/immune-disorders/immunodeficiency-disorders/overview-of-immunodeficiency-
disorders#

• Michigan Department of Health and Human Services. Retrieved January 30, 2019 from www.michigan.gov/mdhhs/0,5885,7-339-
73971_4911_4916-64851--,00.html

• https://www.mottchildren.org/conditions-treatments/peds-immunodeficiencies

• American Academy of Allergy Asthma & Immunology (n.d). Retrieved from: https://www.aaaai.org/conditions-and-
treatments/primary-immunodeficiency-disease

http://www.info4pi.org/
http://www.aafp.org/afp/2013/0601/p773.html
https://www.merckmanuals.com/home/immune-disorders/immunodeficiency-disorders/overview-of-immunodeficiency-disorders
https://www.michigan.gov/mdhhs/0,5885,7-339-73971_4911_4916-64851--,00.html

