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PID diagnosis in

hematology

Complete Blood Count (CBC)

Peripheral Blood Smear
evaluation

Isohemagglutinin titer

Coombs test

Reticulocyte count



Complete blood cell
count (CBC)

* A stepwise approach should
be employed when
investigating a patient for a
possible PID:

* Neutropenia

* Lymphopenia

* Leukocytosis

* Thrombocytopenia
* Anemia



Normal Reference Range

Complete Blood Count Reference Intervals (Pediatric)

Assay Units 0-1d 2-4d 5-7d 8-14d 15-30d 1-2mo 3-5mo 6-11Tmo 1-3y 4-7 y 8-13y

WBC x10%uL(x10%L) 9.0-37.0 80-240 50-210 50-21.0 50-21.0 6.0-180 6.0-180 60-180 55-175 50-170 45-135
NEUT x10%uL (x10%L)  37-30.0 |[26-170| 15-126 1.2-116 1.0-95 1.2-8.1 IV 1.2-8.1 1.2-8.9 1.5-11.0 | 1.6-95
(ANC)
LYMPH X10%/pL (X 109L1)  1.6-141 1.3-11.0 | 1.2-11.3 15130 21-128 25130 27135 | 29-140] | 2.0-128] 15-11.1 | 1.0-7.2
MONO X 10%/uL (X 10%L)  0.1-4.4 02-34 0:2=36"  (.2=36 " 0.i1=32 = [.2=25 BrI=Z0 SN0 =2) (E= 1IN = 1IN

EO X 10%/pL (X 10%/L) 0.0-15 0.0-1.2 0.0-1.3 0.0-1.1 0.0-1.1 0.0-0.7 0.0-0.7 0.0-0.7 0.0-0.7 0.0-0.7 0.0-05

BASO X10%/pL (< 109/L) 0.0-0.7 0.0-0.5 0.0-0.4 0.0-0.4 0.0-0.4 0.0-0.4 0.0-04 0.0-04 0.0-04 0.0-0.3 0.0-0.3

PLT X10%pL (X10%L)  150-450 150-450 150-450  150-450 150-450  150-450 150-450  150-450 150-450  150-450 150-450
Ref.

Keohane EM, Otto CN, Walenga JM. Rodak's Hematology-E-Book: Rodak's Hematology-E-Book. Elsevier Health Sciences; 2019 Feb 22.



Overview of quantitative Disorder

* Neutropenia: * Eosinophilia:
» Severe Congenital Neutropenia (SCN) * |El disorders associated with allergic or
* Chronic Granulomatous Disease (CGD) eosinophilic manifestations
» Shwachman-Diamond Syndrome (SDS) * Hyper-IgE Syndrome (HIES)
.  Common Variable Immunodeficiency
* Lymphopenia: (CVID).

* Severe Combined Immunodeficiency (SCID)
* DiGeorge Syndrome
* Wiskott-Aldrich Syndrome.

* Monocytosis:

* inresponse to chronic infections or
inflammatory conditions

 Thrombocytopenia:
* Wiskott-Aldrich Syndrome

* Thrombocytopenia-Absent Radius
Syndrome (TAR Syndrome).

* Anemia:
* Fanconi anemia (FA)
» dyskeratosis congenita (DKC)



Peripheral blood
smear examination

e Granulocytes may have
morphological
Abnormalities.

* Lymphocytes, monocytes
and eosinophils abnormal
granulation and
vacuolation.

* Absent staining of myeloid
cell granules.
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* Thrombocytopenia

PBS * Absent neutrophil granules
* Increase eosinophils



Morphological changes in
RBC

* Immune Hemolytic Anemia
* Spherocytes
* Reticulocytosis
 Schistocytosis

Grading System

Mod/2+, Many/3+,

Cell Name Few/l+ % %
Polychromasia N/A 5-20 >20
Schistocytes <1% 1-2 >2
Spherocytes N/A 5-20 >20

Ref.

Palmer L, Briggs C, McFadden S, Zini G, Burthem J, Rozenberg G, Proytcheva M, Machin SJ. ICSH recommendations for the standardization of

nomenclature and grading of peripheral blood cell morphological features. International journal of laboratory hematology. 2015 Jun,;37(3):287- 9

303.



Neutrophil variation in PID

s Defects of neutrophil numbers

e Neutropenia
e Neutrophilia

Defects of neutrophil morphology and function
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Causes of Neutropenia

1. Chemotherapeutic treatment for cancer

2. Viralinfections (e. g. cytomegalovirus, Epstein-Barr virus)

3. Pharmaceuticals (diuretic, sulphonamides, metamizole, griseofulvin,
chloramphenicol, antibiotics, chemicals like benzol or toxic plants)

4. Inheritance: some people are born with neutropenia for genetic reasons (congenital)

5. Immunologic causes: antibodies against neutrophils

6. ldiopathic
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I Anti neutrophilic
antibody (ANA)

699
< 9 g
9 -+ Antibody

-
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Granulocyte Agglutination Test (GAT)

Patient neutrophils with
bound autoantibodies

HNA-typed donors

Fluorescence intensity

with antibodies detec?[ ::1 ::_yﬂuw

Patient serum Y }__

Autoimmune Neutropenia (AIN) or Congenital
neutropenia?

Direct Granulocyte
Immunofluorescence
Test (D-GIFT)

Indirect Granulocyte
Immunofluorescence

o< Test (I-GIFT)
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Diagnostic algorithm of neutropenia

Severe Chronic Neutropenias

/ (ANC bei)w 500/ul) \

Drug induced Syndromes associated with

: Screening for
neutropenia

severe neutropenia (SDS,

ant-neutopm G6PC3, TAZ1, WAS, FA, etc.)
/ antibody &
i negative Genetic testing and
IRt * clinical phenotype
¢ Bone marrow aspiration
Autoimmune and genetic testing for neutropenia-
neutropenia asszociated gene mtations
Maturation arrest 21 days ANC cycles
Severe congenital neutropenia Cyclic neutropenia

(Kostmann syndrome)
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Maturation Arrest of Granulopoiesis in Patients with Congenital Neutropenia

a Bone marrow Blood s ) '(
r N L ‘
Band Mature w .
ST HSC Myeloblast Promyelocyte Myelocyte Metamyelocyte  cell neutrophil q \
©-00-0-0-€-0-6-6-§ o

b

0000V

ELANE, CSFR3, WAS, CXCR2, SEC61A1, SRP54*, SRP68
HAX1, G6PC3, GFI1, VPS45, EIF2AK3, CLPB, SASH3, CARD11

Donadieu et al. Orphanet Journal of Rare Diseases 2011
Donadieu et al. ASH Education Program 2022
Julia Skokowa et al. Nature Reviews | Disease Primers, 2017
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Cyclic Neutropenia

v Inherited type of neutropenia: autosomal dominant
v Mutations in ELANE can cause cyclic neutropenia

v’ Diagnosis: Repeated blood tests over two 21-day cycles, BM aspiration +
genetic testing panel

— Leukocytes = Neutrophils — Monocytes

Cells (x10° per |)

0 14 28 42 56 700
Time (days)

Mir P et al., Ann N Y Acad Sci 2020 15



What is neutropenia?

(]
Neutropenia
Neutropenia is when there is a low number of neutrophils in the blood.

* Neutropenia (differs by age, sex, race, and other factors)  \,matblood cells ey
* Mild (1,000—< 1,500 cells/mcL) under the mi.CFOSCOPe Hed blsad (low neutrophil count)
* Moderate (500—< 1,000 cells/mcL) cells
» Severe (< 500 cells/mcL)

Platelet

e Chronic neutropenia (lasting >3 months)

F uNeufrophil
* Due to:

* Pathogenic variants of genes

* Extrinsic factors such as nutritional deficiency,
infections or autoimmunity

Absolute neutrophil count (ANC) ANC less than 1500 per microliter
e Ethnic variation gfrebalgeordthan 1500 per microliter Of.ri‘Jlf)E)d |
=



Neutropenia in PIDs

Severe Congenital Neutropenia (SCN)

Cyclic Neutropenia

Inherited immunodeficiencies of humoral and/ or cellular immunity

Shwachman-Diamond Syndrome (SDS)

Fanconi anemia (FA)

dyskeratosis congenita (DKC)

glycogen storage disease Ib

Griscelli syndrome type Il (GS2)

Hermansky-Pudlak syndrome Il (HPSII)

Barth Syndrome

Chédiak-Higashi Syndrome (CHS)

WHIM Syndrome

Cartilage-Hair Hypoplasia (CHH)

Cohen Syndrome

17



Severe
Congenital
Neutropenia
(SCN)

Persistent severe neutropenia

Elevation in immature granulocyte cells
Neutrophil counts <500 cells/ml

Recurrent bacterial infections
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Aplastic anemia

e Shwachman-Diamond

Syndrome (SDS)
* Fanconi Anemia

* Dyskeratosis congenita (DKC)



I WHIM Syndrome

- Neutropenia
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- accelerated apoptosis in

Neutrophils

- shortened peripheral lifespan

20



Pseudoneutropenia

Laboratory error
An artifact

The consequence of neutrophil clumping

Marginalization of the circulating neutrophil pool

Manual examination of the peripheral blood smear and '_ ' .-r
repeated measurements & h‘ i @ "
5 ama®y o'

21




Neutrophilia

* LAD I, I, 1

e Chronic Granulomatous Disease
(CGD)

* Hyper-Ig Syndrome (HIES)

* Neutrophil immunodeficiency
syndrome

» Specific Granule Deficiency




LAD I, 11, 1l

Table 1. Characteristics of LAD subgroups

Section 1.01 LAD |

Skin infection ++ + afedfe

Severe infections +++ + +++

Periodontitis ++ ++ ?

Delayed umbilical cord separation +++ +

Developmental abnormalities 44+

Bleeding tendencies o et

Neutrophilia : baseline 2 +++ o

Neutrophilia : with infection iR e +++

Genetic defect CD18 subunit of B2 Fucosylation of selectin ligands (eg, SLeX) Inside-out signaling involving

integrins (ITGB2) because of deficiency in a fucose kindlin-3 for activation of blood

Hematologic variation Monocytosis transporter (SLC35C1) cell B integrins (FERMT3)




Chédiak-Higashi Syndrome (CHS)

Wiskott Aldrich Syndrome

Qualitative Familial Myelodysplastic Syndromes (MDS)
Disorders of Specific Granule Deficiency
neutrophils Chronic Granulomatous Disease (CGD)

Myeloperoxidase Deficiency

Neutrophil Actin Dysfunction

24



Chédiak-Higashi Syndrome (CHS)

* Moderate to severe neutropenia

» Susceptibility to infections

« Abnormal granule formation in leukocytes
* Neutrophils containing giant granules

* Oculocutaneous albinism

* Bleeding

* Neurologic disease (from abnormal trafficking
and release of neuronal granules)

25



Myeloperoxidase
Deficiency

- Neutrophils lack
myeloperoxidase enzyme

- increased susceptibility to
certain infections




‘Myeloperoxidase deficiency

 Hematological analyzer ADVIA 2120i is used to
identify the different types of leukocytes based on their
size and staining properties, and by mean peroxidase

index (MPXI)

27



Il Gecioney

* When MPO deficiency is present, neutrophils may
be incorrectly counted as monocytes with lower
MPXI values. MPO deficiency with abnormally high
monocytes counts results in pseudoneutropenia.

* These abnormal reports could lead to a mistaken
diagnosis of severe neutropenia, which could result
in unnecessary therapy.

Peroxidase activity

Nuclear density

Normal

Partial MPO
deficiency

Total MPO
deficiency




Lymphocytes variations in
primary immunodeficiency diseases

Quantitative variations

* Lymphopenia:

. Lymphocytes < 2000/uL[2.0 X 10%/L] at birth

. < 4500/uL [4.5 x 10°%/L] at age 9 months,

. < 1000/uL [1.0 X 10°%/L] in older children or adults

» Suggests a T-cell disorder because 70% of circulating lymphocytes are T cells

29



Lymphocytes variations in
primary immunodeficiency diseases

e Severe combined immunodeficiency (SCID) syndrome
e Wiskott-Aldrich Syndrome

e Sex-Linked Agammaglobulinemia

e Ataxia-Telangiectasia

e Hyper IgE Syndrome (HIES)

e WHIM Syndrome

e DOCKS8 Deficiency

e Common Variable Immune Deficiency (CVID)

Lymphopenia

30



Lymphocytes variations
in PIDs

Qualitative variations

Patient with Chédiak-Higashi

Syndrome lymphocyte with one
large azure granule

|

A A

31



Lymphocytes variations
in PIDs

Qualitative variations:

lymphocytes in Niemann-Pick
type C (NPC) contain several
vacuoles that are lipid-filled
lysosomes

32



Monocyte variations
in PID

Quantitative variations :

Monocytopenia is presented in
WHIM Syndrome.

33
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Monocyte variations in primary
immunodeficiency diseases

* Qualitative variations:

In Patient with Chédiak-Higashi
Syndrome, monocytes with
large azure granules are seen



Severe eosinophilia:
WAS
ALPS

Eosinophil variations in STAT3 deficiency

Prlmary . . DOCKS8 deficiency
immunodeficiency
diseases e

CD40 deficiency
ZAP70 deficiency
STAT1 deficiency (ADform)

MHC class Il deficiency.



Eosinophil
variations in PIDs

e Qualitative variations : ”

Eosinophils in Chédiak-Higashi
syndrome have large granules



I Hyper-Igk Syndrome
(HIES)

* Neutrophilia
* Eosinophilia
* Lymphocytosis

* |Involve both humoral and cellular
immunity deficiencies

 elevated IgE levels

¢ eczema




Platelet variations in primary immunodeficiency diseases

Peripheral smear showing thrombocytopenia and
small platelets

Thrombocytopenia:

* Niemann-Pick type C (NPC) Small platelet
Microthrombocytopenia:

* Wiskott-Aldrich Syndrome:

* Microthrombocytes

 PT, PTT normal
. Normal

* BT abnormal
2 10 20 30 fL 2 10 20 30 fL 38

* Low MPV
Normal sized platelet

WAS




Autoimmune manifestations

* Immune cytopenias are particularly common.
e AutoAntibody (ALPS)

* Anemia:
* Anemia of chronic disease
* Autoimmune hemolytic anemia (CVID, ALPS,
etc.)

* Immune Thrombocytopenic Purpura (ITP)

* Thrombocytopenia:

* Combined immunodeficiency (CID) with
associated syndromic features (IUIS lla)

* Wiskott-Aldrich Syndrome/X-linked
Thrombocytopenia (WAS/XLT).




e Direct coombs

Diagnosis of .
. * Indirect coombs
AIHA in PIDs * Reticulocyte count



Discrepancy in ABO Back type

v’ Primary (congenital)
hypogammaglobulinemia: Several PIDs cause low
immunoglobulin.

* In PIDs especially those affecting B-cell function and
antibody production

* Common Variable Immunodeficiency (CVID)
* X-linked Agammaglobulinemia (XLA)

v'In these patients sometimes we have no agglutination
in ABO backtype testing.




Isohemagglutinin titer

a low or absent

Assesses the isohemagglutinin
presence and >ohemagsiutin |EI specialists tend to
titer in an individual

concentration of use for children

naturally occurring mggf? azpcr:r?rlate below the age of 3
yP years and for

support the diagnosis those above 3 years.
of a humoral

antibodies. ) .
immunodeficiency

Perazzio SE et al. A critical review on the standardization and quality assessment of nonfunctional laboratory tests frequently used to identify inborn

errors of immunity. Frontiers in immunology. 2021
42
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Thanks for your attention




