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Abstract

At present, a national consensus or guideline for diagnosing and managing patients suspected of having severe congenital neutro-
penia (SCN) is lacking. This consensus is written based on a combination of scientific literature and comments from the expert
panel of Iranian immunologists. A group of clinical immunologists reviewed the current consensus, presented their comments
at a meeting titled “First Meeting on the Diagnosis of Inborn Errors of Immunity (IEI) by IEI Experts” and agreed on this con-
sensus. This consensus guideline provides recommendations on the diagnosis, antimicrobial prophylaxis, management of clinical
manifestations, administration of granulocyte colony-stimulating factor (G-CSF) and hematopoietic stem cell transplantation
(HSCT) for patients with SCN.
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Introduction

Inborn errors of immunity (IEI), previously
known as primary immunodeficiencies (PID) are
a heterogenous group of congenitally inherited
disorders with defects in one or more compo-
nents of innate and/or adaptive immune system
(1). To date, approximately 500 IEI diseases have
been found based on the affected immune system
components (1).

Congenital neutropenias are a heterogeneous
group of IEI that belong to the phagocytic de-
fects category of IEI classification proposed by
the International Union of Immunological So-
cieties (IUIS) (2) and are characterized by three
main features including low neutrophil count and
susceptibility to infection, various organ dysfunc-
tions, and an extraordinarily high risk of leukemic
transformation (3). Congenital neutropenia is an
extraordinarily rare condition with an approxi-
mate prevalence of less than 1:100,000 worldwide
(4). Congenital neutropenias range from isolated
severe congenital neutropenia (SCN) to complex
inherited disorders affecting other organ systems
comprising intellectual disabilities, pancreatic in-
sufficiency, metabolic disease, facial dysmorphias
or skin hypopigmentation (5). In Table 1, we have
precisely represented various genes associated
with congenital neutropenia and their accompa-
nying features.

Severe neutropenia in SCN rises from bone
marrow maturation arrest in the myeloid series
(5). Affected patients manifest a variety of clin-
ical features including recurrent bacterial infec-
tions of skin and mucosal linings of oropharynx,
oral aphthae, periodontitis, gingivitis and dental
decay, skin abscess, upper and lower respiratory
tract infections, as well as cognitive and neuro-
logical defects in some patients (6-8). Mutations
in ELANE gene encoding neutrophil elastase, a
serine protease destroying microorganisms and
breaking down local tissue during inflammation,
account for more than half of SCN cases (9, 10).
The mainstay of therapy for SCN is prevention of
infections through antimicrobial prophylaxis and
administration of recombinant human granulo-
cyte colony-stimulating factor (G-CSF) and he-
matopoietic stem cell transplantation (HSCT) in
unresponsive or severe cases (6).

The aim of current national consensus is to
provide a comprehensive review for diagnosing,

management and therapeutic challenges of SCN
patients based on a combination of scientific lit-
erature and the comments of the expert panel of
Iranian clinical immunologists.

Consensus on Diagnosis of SCN
Neutropenia is defined as an absolute neutro-
phil count (ANC) below 1500/mm? and is con-
sidered mild in case of 1000/mm?® < ANC < 1500/
mm?, moderate in case of 500/mm’ < ANC <
1000/mm’ and severe in case of ANC < 500/mm”.
Diagnosis of congenital neutropenia is made
based on the diagnostic criteria for IEI recom-
mended by European Society for Immunodefi-
ciencies (ESID) including neutropenia below 0.5
g/L (in at least triple measurement) or neutrope-
nia below 1 g/L measured on at least 3 occasions
with at least one of the following: deep seated
infection due to bacteria and/or fungi, recurrent
pneumonia, buccal and/or genital aphtous le-
sions or ulcerations, omphalitis or affected family
member along with exclusion of secondary caus-
es of neutropenia (https://esid.org/Working-Par-
ties/Registry-Working-Party/Diagnosis-criteria).

Consensus Recommendations and Dis-

cussion on Antimicrobial Prophylaxis
The most suitable antimicrobial prophylax-
is for prevention of recurrent infections in SCN
patients is antimicrobial chemoprophylaxis with
daily oral sulfamethoxazole/trimethoprim com-
bination (Bactrim®) at a dose of 50 mg/kg (11).
Complete prevention of gingivostomatitis in SCN
patients is made through concurrent therapy with
sulfamethoxazole/trimethoprim  combination
and metronidazole that is active on the oral sap-
rophytic flora, particularly anaerobes (11).

Consensus Recommendations and Dis-
cussion on Management of Clinical

Manifestations in SCN

In the following sections we have discussed
management of the most important clinical com-
plications in SCN patients.

Acute Infectious Episodes

Superficial or ENT infections could be man-
aged by oral antibiotic therapy alongside regu-
lar monitoring of inflammatory markers (11). In
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case of sepsis in SCN patients, they should im-
mediately be hospitalized with prompt initiation
of parenteral antibiotic therapy including a com-
bination of a third-generation cephalosporin and
an aminoside (12). There is controversy regard-
ing placing of glycopeptides (vancomycin and
teicoplanin) in first-line therapy (6). Antifungal
treatment should be added in case of fever per-
sisting beyond 5 days (13). G-CSF administration
should be started in critical cases, either at a dose

to which the patient is known to respond, or at
the standard dose of 5 pg/kg/day or a higher dose
if no improvement is observed (12).

Extra-Hematopoietic Involvement

The most devastating extra-hematopoietic in-
volvement in some of patients with SCN, partic-
ularly those with HCLS1-associated protein X-1
(HAXT1) deficiency is neurodegenerative process-
es, which has no curative treatment to date (6, 11).

Table 1. Classification of congenital neutropenias, their associated features, and affected gene.

Associated features

with congenital IEI Affected gene Inheritance
neutropenia
Elastase deficiency ELANE AD
Isolated congenital G-CSF receptor deficiency CSF3R AR
neutropenia CXCR2 deficiency CXCR2 AR
X-linked neutropenia/myelodysplasia WAS XL GOF
Chediak-Higashi syndrome LYST AR
Oculocutaneous Griscelli syndrome, type 2 RAB274 AR
hypopigmentation Hermansky-Pudlak syndrome, type 2 AP3B1 AR
P14/LAMTOR?2 deficiency LAMTOR? AR
Pancreatic Shwachman-Diamond Syndrome SBDS, DNAJC21, EFL1 AR
insufficiency SRP54 deficiency SRP34 AD
Metabolic disease Glycogen storage disease type 1b G6PTI AR
HAX]1 deficiency (Kostmann
Neurological defect  Disease) HAXI AR
3-Methylglutaconic aciduria CLPB AR
Cohen syndrome VPSi3B AR
Dysmorphism Cllerlcuzm synqrome (Poikiloderma USBI AR
with neutropenia)
Renal disease VPS45 deficiency VEBS45 AR
Barth Syndrome (3-Methylglutaconic
Cardiopathy aciduria type II) Tz XL
GG6PC3 deficiency G6PC3 AR
Bone defect JAGN]1 deficiency JAGNI AR
SMARCD?2 deficiency SMARCD? AR
:'[::;]:; i‘;;‘l‘:lm Specific granule deficiency CEBPE AR
DKCI. TERC, TERT, TINF2,
Dyskeratosis congenita RTELI, ACD, NOLA3, NOLA2, AR, AD. XL
WRAPS53, PARN
GATA?2 deficiency GATA2 AD
Bone marrow FANCA, FANCB, FANCC, BRCA2,
insufficiency FANCD2, FANCE, FANCF,
. . XRCC9, FANCI, BRIPI, FANCL,
Fanconi anemia FANCM. PALB2. RADSIC. SLX4. AR. XLR
ERCC4. RAD31, BRCAI, UBEXT,
XRCCZ2, MAD21.2, RFWD3
WHIM (Warts,
Hypogammaglobulinemia, CXCR4 AD GOF
Immunodeficiency Infections, Myelokathexis) syndrome
Reticular dysgenesis AK2 AR
CD40 ligand (CD154) deficiency CD40LG XL

IEL inborn errors of immunity; AD, autosomal dominant; AR, autosomal recessive; XL, X-linked; GOF, gain of function;

XLR, X-Linked recessive.
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Malignant Transformation

Congenital neutropenia is a preleukemic state
with cumulative incidence of leukemia being
approximately 15% at age 20 years among SCN
patients (14). Patients with underlying mutations
in ELANE, HAX1, WASP, SBDS and G6PC3 or
SLC37A4 are found to experience leukemic trans-
formation (14-20). The severity of neutropenia,
and the use of G-CSEF, especially at high doses (>
15 ug/kg/day) and for long periods are known as
the main risk factors for leukemic onset due to
hyperstimulation of the monocyte lineage, which
may warrant HSCT in these patients (14, 21, 22).

Consensus Recommendations and Dis-

cussion on G-CSF

Susceptibility to bacterial infections and sepsis
in patients with SCN is due to absence or defi-
cit of neutrophil granulocytes (5). In this regard,
administration of G-CSF serves as a key part
of therapeutic management in these patients
through promotion of development and function
of neutrophils (5). G-CSF has improved survival
and quality of life of SCN patients (12, 23). Le-
nograstim and filograstim are the currently avail-
able two forms of G-CSF in clinical use (24). Peg-
Filgrastim, a commercially available pegylated
form of G-CSF and a combination of filgrastim
and polyethylene glycol, has a longer half-life of
15 to 80 hours with lower required numbers of
injections; however, is not routinely used in SCN
patients (25).

The induction phase of G-CSF treatment
should be initiated at a dose of 3-5 pg/kg body
weight given subcutaneously every other day (11,
13). Changes in the neutrophil count should be
serially followed through blood cell counts to
evaluate response to G-CSF that is defined as a
rise in the neutrophil count (> 1.5 G/I) and the
clinical improvement by reduction in frequen-
cy of infectious episodes, after 10 to 15 days (11,
13). In case of no response after a period of 15
days, the daily dose should be increased in steps
of 5 ug/kg (11, 13). Contrarily, the dose should be
halved in case of rapid or even excessive response
(PN > 5 G/I)(11, 13). After determining the min-
imal daily dose, the maintenance phase can initi-
ate aiming to determine the minimal dose and in-
jection rhythm for sustaining a clinical response

with blood count monitoring every 4 to 6 months
(11, 13). Splenomegaly, thrombocytopenia, os-
teopenia, osteoporosis, flu-like reactions, bone
pain, vasculitis, skin rashes and most importantly
malignant development to myelodysplastic syn-
drome (MDS) or acute myeloid leukemia (AML)
have been reported among side effects of G-CSF
(26, 27).

Consensus Recommendations and Dis-

cussion on HSCT

Currently, absolute indications for HSCT are
patients who fail to respond to G-CSF (>50 ug/kg/
day) or those developing MDS/leukemia (5, 6, 21,
28, 29) with respectively 89% and 75% combined
overall and event free survival (EFS) in those
undergoing HSCT without malignant transfor-
mation (30). Moreover, there are controversial
recommendations on indication for HSCT in
high-risk patients including those requiring high
doses of G-CSF (>8 ug/kg/day), harboring G-CSF
receptor mutations or those with the Gly185Arg
mutation in the ELANE gene (5, 6). In the future
with improvements in molecular HLA-typing
and donor selection, prevention of graft-versus
host disease (GVHD) and supportive care, HSCT
might be recommended even for SCN patients
not meeting the abovementioned criteria (31).

Consensus Recommendations and Dis-

cussion on Daily Life of SCN Patients

SCN patients should be educated to regularly
follow preventive measures, most importantly
oral and skin hygiene as well as annual dental
checkup (11).

Intramuscular injections and rectal tempera-
ture measurement may be harmful and should be
avoided as much as possible (11).

No dietary restrictions are required in SCN pa-
tients (11).

Deprivation of SCN patients from social inter-
action is not necessary as they are not usually sus-
ceptible to viral epidemics (11).

Conclusions

Herein, we have provided the first national
consensus guideline on the diagnosis and man-
agement of SCN patients in Iran in light of sci-
entific literature and comments from the expert
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panel of Iranian clinical immunologists. This na-
tional consensus guideline could be used as a ref-
erence for increasing the awareness of clinicians
and improving diagnosis and management of pa-
tients with SCN.
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