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Neutropenia 

The phagocytic  system  is  an  essen tia l part o f the  host im m une 
de fense  and  is  the  m a in  com ponent o f the  inna te  im m une system . 

 
The m ost com m only  encounte red  phagocytic  de fect is  a  
decrease in  the  abso lu te  num ber o f c ircu la ting  neu troph ils . 

 
N eutropen ia  (o r g ranu locytopen ia ) is  a  reduction  in  the  abso lu te  
neu troph il coun t to  less than  1 ,500 /m m 3. 

 
Im pa ired  p roduction , periphera l destruction , and  abnorm a l 
d is tribu tion  o f neu troph ils  m ay lead  to  low  num bers o f c ircu la ting  
g ranu locytes. 



Th e l i f e  c y c le  o f  th e  n eu t r o p h i l   

© 2008 Rezaei N, et al. Primary immunodeficiency diseases: definition, diagnosis and management. Springer 



Approach to acquired neutropenia 
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A pproach to  congen ita l neu tropen ia 
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C ongen ita l N eutropen ia  and  
P rim ary Im m unodefic iency D iseases  

S evere  congen ita l neutropen ia  
 (S C N  1,2 ,3 ,5 ,6) 
C yclic  neutropen ia  
X -linked neutropen ia  
G 6P C 3 defic iency (S C N 4) 

 
C hediak-H igash i syndrom e 
G risce lli syndrom e, type 2  
H erm ansky-P ud lak syndrom e, type 2  
p14 defic iency 

 
S hw achm an-D iam ond syndrom e 

 
 
 

C D 40L defic iency 
W H IM   syndrom e 
C artilage ha ir hypop las ia  
R eticu la r dysgenesis  

 
G lycogen storage d isease Ib  
B arth  syndrom e 
C ohen syndrom es 
P oik iloderm a w ith  neutropen ia  

 
D yskera tos is  congen ita  
G ATA 2 defic iency 

** Wintergerst U, Rosenzweig SD, Abinun M, Malech HL, Holland SM, Rezaei N. Phagocytes 
Defects. In: Rezaei N, Aghamohammadi A, Notarangelo LD (eds). Primary immunodeficiency 
diseases: definition, diagnosis and management. Springer-Verlag Berlin Heidelberg 2008, pp. 
131-166. 

* Rezaei N, Moazzami K, Aghamohammadi A, Klein C. Neutropenia and primary 
immunodeficiency diseases. Int Rev Immunol. 2009; 28(5):335-66.  



Severe Congenital Neutropenia 

Also, known as Kostmann syndrome  
 
Persistent severe neutropenia (ANC< 500/µL) 

 
Increased susceptibility to severe infections 

 
Early onset of recurrent bacterial infections 

 
Early-stage (promyelocyte-myelocyte) maturation arrest 
of myeloid differentiation in the bone marrow  



Pathophysiology and all genetic defects associated with SCN has 
not been completely understood! 

Severe Congenital Neutropenia 

Early onset recurrent bacterial infections   
 
Presenting features 
 Superficial abscesses Oral ulcers 
 Cutaneous infections Omphalitis 
 Pneumonia  Otitis media    
 
During the course of disease 
 Abscesses in different sites 
 Mucocutaneous manifestations 
 Respiratory infections 
 Diarrhea   



Severe Congenital Neutropenia 

P athophys io logy and  underly ing  genetic  
de fect o f S C N  is  no t com ple te ly  unders tood  
M ultigene  d isorder w ith  a  com m on 
hem ato log ica l and  c lin ica l phenotype   

S C N 1: ELA2 (A D ): e ither S C N  or cyc lic  neu tropen ia   
S C N 2: GFI1 (A D ): B /T  lym phopen ia  

 
S C N 3: HAX1 (A R ): C ogn itive  and  neuro log ica l de fects   
S C N 5: VPS45 (A R ): B M  fib ros is , N ephrom ega ly  
S C N 6: JAGN1 (A R ) 

 
S C N 4: G6PC3 (A R ): S tructu ra l heart de fects , U rogen ita l abnorm a lities ,  
   D ea fness, Venous A ng iectas ias  

 
X -S C N : WASP (X L): M onocytopen ia  



 
HAX1 has a  ro le  in  contro lling  the  apoptos is   

 
M utant HAX1 and a lso  ELA2 cou ld  acce lera te  apoptos is  in  m ye lo id  
progen ito r ce lls  o f the  patien ts   

H A X 1 d ef ic ien c y  

*Klein C, Grudzien M, Appaswamy G, Germeshausen M, Sandrock I, Schaffer AA, Rathinam C, Boztug K, Schwinzer B, Rezaei N, 
Bohn G, Melin M, Carlsson G, Fadeel B, Dahl N, Palmblad J, Henter JI, Zeidler C, Grimbacher B, Welte K . HAX1 deficiency causes 
autosomal recessive severe congenital neutropenia (Kostmann disease). Nat Genet 2007; 39:86-92.  

H A X 1 defic iency causes autosom al recess ive  severe  
congen ita l neutropen ia  (K ostm ann d isease) 

 
U sing a  pos itiona l c lon ing  approach and cand idate  
gene eva lua tion , a  recurrent hom ozygous germ line  
m uta tion  in  HAX1 gene w as found 



G en o ty p e-P h en o ty p e as s o c ia t io n s  in  H A X 1 d ef ic ien c y  

M uta tions a ffecting  transcrip t varian t 1  on ly  were  associa ted  w ith  S C N , whereas 
m uta tions a ffecting  bo th  transcrip t varian ts  caused C N  and neuro log ic  sym ptom s 

 
Transcrip t varian t 2  was m arked ly  expressed in  hum an bra in  tissue  

 
The c lin ica l phenotype  o f S C N  appears to  depend on  the  loca liza tion  o f the  
m uta tion  and  the ir in fluence  on  the  transcrip t varian ts  
* Germeshausen M, Grudzien M, Zeidler C, Abdollahpour H, Yetgin S, Rezaei N, Ballmaier M, Grimbacher B, Welte K, Klein C. 
Novel HAX1 mutations in patients with severe congenital neutropenia reveal isoform-dependent genotype-phenotype 
associations. Blood 2008; 111(10): 4954-4957. 

 
 N euro log ica l d isorders  
 R 86X  m uta tion  in  HAX1 gene 
 

* Rezaei N, Chavoshzadeh Z, Alaei OR, Sandrock I, Klein C. Association of HAX1 deficiency with 
neurological disorder. Neuropediatrics 2007 Oct;38(5):261-263.  



Cyclic Neutropenia 

Oscillations of circulating neutrophil counts   
 
Neutropenia for 3-6 days with an average cycle lasting 21-days  

 
Severe infections during the neutropenic phases  

 
Cyclic anemia and monocytopenia 



C h éd iak -H ig as h i  s y n d r o m e  
 
G r is c e l l i  s y n d r o m e, t y p e  2   

 
H er m an s k y -P u d lak  s y n d r o m e, t y p e  2   

 
p 14 d e f ic ien c y    

 
P al l id in  d e f ic ien c y  

 
Vic i  s y n d r o m e 

Oculocutaneous hypopigmentation in a patient with Griscelli syndrome, type 2 .  

Oculocutaneous hypopigmentation and immunodeficiency 



Characteristics of the immunodeficiency syndromes 
 with hypopigmentation  

p14 deficiency Hermansky-Pudlak 
syndrome, type 2 

Griscelli syndrome, 
type 2 

Chédiak-Higashi 
syndrome 

Prominent Prominent Variable Variable Hypopigmentation 

- Normal or distributed 
small clumps of 

pigment 

Large irregular 
melanin 
granules 

Distributed regular 
melanin 
granules 

Hair shaft findings 

+ + - - Prominent facial features 

+ + +/- + Neutropenia 

- + - + Bleeding disorder 

- - - + Giant intracellular granules 

- +/- + + Hemophagocytic 
lymphohistiocytosis 

- - - + Neurological disorder 

- +/- - - Pulmonary fibrosis 

- +/- - +/- Developmental delay 

+ - - - Short stature 



Light-microscopic hair shaft analysis of CHS and GS2 vs. control  



WHIM syndrome  

 Warts 
 
 Hypogammaglobulinemia 

 
 Infections 

 
 Myelokathexis : Neutrophils are retained in the bone marrow 
and not released into the peripheral blood stream  

 

Wart lesions in a patient with WHIM syndrome. 



Shwachman-Diamond syndrome  

Congenital bone marrow failure syndrome 
 
Varying degrees of cytopenia  

 
A marked propensity to develop myelodysplastic syndrome 
and acute myelogenous leukemia 

 
Exocrine pancreatic insufficiency 
Broad spectrum of skeletal abnormalities 
Growth retardation 
Dental caries 
Neurodevelopmental delay 
Hepatic dysfunction     

http://www.shwachmandiamondamerica.org 



Shwachman-Diamond syndrome  

Abdominal sonography of a patient with SDS and 
typical “white” pancreas (arrows) due to lipomatosis  

Typical histology of the pancreas of a patient with SDS.  
Note the extensive replacement of the exocrine pancreas by 
adipose tissue surrounding acini (large arrows) with 
remaining small islands of parenchyma (small arrows).  



Cartilage hair hypoplasia 

Disproportionate short limbed short stature 
 
Metaphyseal chondrodysplasia 

 
Hypoplastic hair 

 
Macrocytic anemia 

 
Neuronal dysplasia of intestine 

 
Limited elbow extension 

 
Ligamentous laxity 

 
Predisposition to cancer   

American Journal of Human Genetics 



O ther phagocyte  de fects  associa ted  w ith  
neutropen ia  

G lycogen s to rage  d isease  Ib  (G6PT1) 
* fas ting  hypogycem ia , lac tic  ac idos is , hyperlip idem ia , os teopen ia  
* hepatom ega ly     * g row th  re ta rda tion  

 
B arth  syndrom e (TAZ) 

* heart fa ilu re  (card iom yopathy) * ske le ta l m yopathy  
* g row th  re ta rda tion    * cogn itive  im pa irm ent   

 
C ohen syndrom e (COH1) 
 * fac ia l dysm orph ism s, m icrocepha ly, m enta l re ta rda tion , short s ta tu re  
 * hypo ton ia , obes ity    * re tinopathy  

 
C lericuz io  syndrom e po ik iloderm a w ith  neu tropen ia  (C16ORF57) 

* p rogress ive  e ry them atous rash   * te lang iec tas ia  



O ther P ID s associa ted  w ith  neutropen ia  

C D 40 ligand  de fic iency (X -linked  H IG M ) 
* low  leve ls  o f IgG , IgA and IgE   * norm a l o r e leva ted  IgM  leve l 
* resp ira to ry  and  G I in fec tions   * opportun is tic  m icroorgan ism s 

 
 R e ticu la r dysgenes is  

* ra re  fo rm  o f severe  com bined im m unodefic iency  
* absent num bers  o f lym phocytes and  hypop las ia  o f lym pho id  tissues  

 
D yskeratosis  congen ita  

* abnorm al p igm enta tions    * hyperh id ros is  
* na il dys trophy    * o ra l leukop lak ia  
 



Other PIDs associated with neutropenia 

 Glycogen storage disease Ib 
* metabolic symptoms  * growth retardation 
* hepatomegaly   * osteopenia 

 

 Barth syndrome 
* heart failure   * skeletal myopathy 
* growth retardation  * cognitive impairment   

 

 Dyskeratosis congenita 
* abnormal pigmentations  * hyperhidrosis 
* nail dystrophy   * oral leukoplakia 

 

Cohen syndrome  
 * hypotonia   * microcephaly 
 * mental retardation   * short stature 
 * obesity    * characteristic facial features   
 

Poikiloderma with neutropenia 
* early onset poikiloderma  * pachyonychia 
* palmo-plantar hyperkeratosis * skeletal defects 
 

Reticular dysgenesis  
* rare form of severe combined immunodeficiency 



oPresence of neutropenia in association with  
early onset severe and recurrent infections  

 
 

oTimely referral to a hematologist and/or clinical immunologist: 
  * Early diagnosis 
  * Appropriate treatment   

Suspicious to congenital neutropenia 



oReview of the clinical history: 
To rule out drug exposure and underlying illness 
such as autoimmune diseases 

 
oSerial complete blood cell count (CBC): 
To determine the chronicity and severity 
To exclude other causes of secondary neutropenia 

Diagnosis 



Further Steps 

oBone marrow examinations  
 

oImmunological studies considering all immunodeficiency 
diseases associated with neutropenia 

 
oMolecular studies to make definite diagnosis 



•In the absence of appropriate treatment, affected children suffer from 
life-threatening infections 

 
•Bone marrow transplantation (BMT) used to be the only treatment 
option 

 
•Since CSF therapy became available, it has became possible to 
manage patients without a requirement for BMT 

 
•Recombinant G-CSF is the first choice of treatment for neutropenia 

 
•G-CSF increases the number of neutrophils and consequently reduce 
the number of infections and days of hospitalization  

 
•Prophylactic antibiotics should be prescribed 

 
•Associate complications should be treated separately 

Management 



- In SCN, HSCT is recommended in following cases with SCN: 
* Those who do not respond to G-CSF treatment 
* Those with continuing severe bacterial infections 
* Those who complicated with development of myelodysplasia 

Hematopoietic stem cell transplantation  

- In SDS, HSCT should be offered to patients with  
* Pancytopenia  
* MDS  
* Overt leukemia in remission 



•Follow-up at least twice per year 
 
•Dental follow-up and gingival care  

 
•Complete blood cell counts at least every 3 months 

 
•Repeat bone marrow examination (morphology plus cytology) 

 
•G-CSF receptor analysis for SCN cases 

Follow-up 
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SCN-ELA2 • • ELA2 
SCN-GFI1 • • • GFI1 
SCN-WAS • • WAS 
SCN-HAX1 • • • HAX1 
SCN-AK2 • • • AK2 
Glycogenosis Ib • • • • • • SLC37A4 
G6PC3 deficiency • • • • • • G6PC3 
Barth syndrome • • TAZ 
SBDS • • • • • • • SBDS 
CHH • • • • • • • RBDS 
CHS • • • • • LYST 
GS type II • • • RAB27A 
HPS II • • • • AP3B1 
P14-deficiency • • • • ROBL3 
Cohen syndrome • • • COH1 
Poikiloderma with neutropenia • • • C16orf57 
Neutropenia-CMT-II • • DNM2 
Pearson syndrome • • • • • • Mitochondrial 

DNA 

G en e d efec ts  as s o c ia ted  w i th  v ar io u s  n eu t r o p en ic  p h en o ty p es  

 



H S C T in  congen ita l neu tropen ia 
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R ec u r r en t  r es p i r a to r y  an d  c u tan eo u s  in fec t io n s , u lc e r s  an d  
ab s c es s es  
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S y n d ro m ic  
n eu t ro p en ia  
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G lycogen s to rage d isease Ib  

M y c o b ac ter ia , A lv eo lar  p ro te in o s is :  
G A TA 2 defic iency  (M ono M A C  syndrom e) 

S t ru c tu ra l  h ear t  d e fec t s , U ro g en i ta l  ab n o rm al i t ies , 
V en o u s  A n g iec tas ias :  

G 6P C 3 syndrom e (S C N  4) 

Fac ia l  d y s m o rp h is m s , H y p o to n ia , R et in o p ath y :  
C ohen syndrom e 

C ard io m y o p ath y , S k e le ta l  m y o p ath y :  
B arth  syndrom e 

P ro g res s iv e  er y th em ato u s  ras h , Te lan g iec tas ia :   
C le ricuzio  syndrom e po ik iloderm a w ith  neutropen ia  

A p p r o ac h  to  C o n g en i ta l  
d e fec ts  o f  p h ag o c y tes  



M o lec u la r  D iag n o s is  fo r  N eu t r o p en ia  

-G enetic  d iagnos is  o f pa tien ts  
 

-P renata l d iagnos is  
 

-G enetic  counse ling  
 

HAX1  ELANE 
G6PC3  CD40LG 
WASP   RAB27A  
… 

http://chmc.tums.ac.ir 
http://rcid.tums.ac.ir 



R efer en c es   



Thank you  
for your attention 
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