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Abstract

Severe congenital neutropenia (SCN) comprises a heterogenous group of disorders characterized

by a constantly low absolute neutrophil count (ANC) below 0.5 x 10°/l in the peripheral blood and
maturation arrest of the myelopoiesis in the bone marrow at the promyelocyte/myelocyte stage that
lead to early onset of severe bacterial infections in affected patients. Clinical symptoms of congenital
neutropenia include sepsis, recurrent respiratory tract infections, mouth ulceration, chronic gingivitis,
bacterial skin infections, and urinary tract infections. Patients with SCN often develop periodontitis

despite standard medical and dental care.

We present oral symptoms in our patient afflicted with SCN due to homozygous mutations in
the JAGNI gene, based on 16 years of observation and treatment at the Paediatric Dentistry Clinic

of Children’s Memorial Health Institute.

In our patient, oral cavity changes typical for SCN — in the form of gingivitis and bleeding from
periodontal tissues — appeared around the age of 2 and led to the premature loss of primary teeth.
The patient also developed an advanced periodontal disease in the permanent dentition, resulting

in the loss of 21 teeth at 15 years of age.

Dental care of patients with SCN should be carried out in close cooperation with an immunologist,
and dental procedures associated with the risk of bacteremia require antibiotic prophylaxis.
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Introduction

Severe congenital neutropenia (SCN) is a hetero-
geneous group of primary errors of immunity which
share a common feature of a persistent decrease in neu-
trophil counts in peripheral blood, usually below 500/ul
(0.5 x 10°/1) and a maturation arrest of the myelopoiesis
in the bone marrow at the promyelocyte/myelocyte stage
[1-3]. Patients with SCN are constantly at risk of life-threat-
ening bacterial infections, and occasionally of fungal in-
fections [2-5]. As the disease progresses, the risk of devel-
oping the myelodysplastic syndrome and acute myeloid
leukemia increases [1-3, 5]. The prevalence of SCN is
estimated at 1-2 : 1,000,000 live births [1, 5].

In 1950, the Swedish physician Rolf Kostmann de-
scribed a family suffering from an autosomal recessively
inherited disease with severe neutropenia and recurrent
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bacterial infections since early childhood [6]. Since then,
genetic studies have identified several gene defects in pa-
tients with SCN including the neutrophil elastase (ELANE)
gene, HCLS1 associated protein X-1 (HAXI) gene, glu-
cose-6-phosphatase catalytic subunit 3 (G6PC3), growth
factor independent protein 1 (GFI1I), and vacuolar protein
sorting-associated protein 45 (VPS45) [2]. These genetic
defects are characterized by impaired maturation of neutro-
phil granules [2]. In 2014 Boztug et al. published the first
description of jagunal homolog 1 (JAGNI) mutations in
patients affected with SCN [7]. JAGNI is required for
granulocyte colony-stimulating factor receptor-mediated
signaling and is necessary in the differentiation and sur-
vival of neutrophils [7, 8].

In the 1950s, the mortality rate from infections in
severe congenital neutropenia was 90% [2]. The 1980s
brought a breakthrough in the treatment of chronic neu-
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tropenia due to the introduction of recombinant granulo-
cyte colony-stimulating factor (rHuG-CSF) for clinical use
[2, 9, 10]. For patients with SCN not responding to treat-
ment with subcutaneous G-CSF, the only currently avail-
able therapeutic option is hematopoietic stem cell trans-
plantation (HSCT) [3, 5, 11, 12].

The clinical signs of congenital neutropenia include de-
layed separation of the umbilical cord stump, inflammation
of the navel, recurrent upper and lower respiratory tract
infections, oral ulcers or mucositis, chronic gingivitis, skin
infections such as abscesses or bacterial cellulitis, bacte-
rial lymphadenitis, bacterial septicemia, and urinary tract
infections [1-3, 13-16].

The most common microorganisms causing infec-
tions in patients with SCN are Gram-positive bacteria —
Staphylococcus aureus, Streptococcus pneumoniae and
Streptococcus pyogenes — and the second most frequent
are Gram-negative bacilli Escherichia coli, Pseudomo-
nas aeruginosa and Klebsiella pneumoniae (1, 4, 5, 13].
Anaerobes constituting the flora of the oral cavity — Pep-
tococcus, Peptostreptococcus, Bacteroides fragilis, and
Fusobacterium spp. — can also become a causative factor
of severe infection in patients with SCN [15].

Case description

A boy of Roma origin, the son of consanguineous
parents, was admitted at the Children’s Memorial Health
Institute in Warsaw at 2 years of age due to chronic neu-
tropenia.

His absolute neutrophil count (ANC) varied from 0.06
to 0.6 x 10%1 and he presented with high monocytosis in
peripheral blood. He suffered from recurrent, severe bac-
terial infections, chronic gingivitis and painful mouth ul-
cers. Bone marrow examination showed, typical for SCN,
maturation arrest at the myelocyte stage. Because of low
height (below 10 percentiles for age) and failure to thrive,
Shwachman-Diamond syndrome was considered, but mo-
lecular diagnostics did not reveal any SBDS gene muta-
tions. G-CSF treatment was initiated, and some improve-
ment was observed, but his ANC increased to 1.0 x 10%/1
only after high doses of G-CSF (approx. 40 pg/kg/d). After
a few months, G-CSF-treatment had to be stopped due to
poor tolerance (bone and muscle pain). Instead, the child
was put on antibiotic prophylaxis and vaccinated against
encapsulated bacteria. Eventually, HSCT was considered,
but his parents did not approve such a treatment. With
time, his height and weight increased over 25 percentiles.
At first, molecular studies excluded defects in the ELANE
and HAXI genes, but finally homozygous mutations in
JAGNI were identified. Currently the boy is doing well
on antibiotic prophylaxis. Despite profound neutropenia
he had no severe infections for many years.

When he was 5 years of age the intraoral examination
revealed incomplete primary dentition with five missing

teeth, marginal gingivitis, interdental papilla hypertrophy,
carious lesions in seven primary teeth, and one permanent
tooth of various degrees of advancement for conservative
treatment (Fig. 1). The patient was qualified for simultane-
ous dental treatment under general anesthesia. A panoramic
radiograph picture was taken showing the advanced de-
struction of the alveolar bone in the maxilla and the alveolar
part of the mandible. Three primary teeth were completely
devoid of bone base. The roots of the lower incisors were
only half of their normal length (Fig. 2). Under antibiotic
protection (amoxicillin with clavulanic acid at a dose of
30 mg/kg), professional removal of dental plaque and con-
servative treatment of teeth extraction of four primary teeth
with complicated caries and periodontitis were performed.
The patient was provided with permanent dental care.

During follow-up visits symptoms of gingivitis and
periodontitis were observed.

Every time oral hygiene instruction was provided and
professional oral cavity hygiene and conservative treat-
ment of cavities were performed under antibiotic pro-
phylaxis. The patient was recommended to use topical
chlorhexidine gel 2-3 times a day for 10 days and to rinse
the mouth with a preparation containing octenidine twice
a day for 10-14 days.

Fig. 2. Panoramic radiograph, November 2008
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Fig. 3. Maxilla, right side, December 2013

Fig. 5. Oral cavity, June 2015

Fig. 4. Panoramic radiograph, December 2013
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Fig. 6. Oral cavity, July 2018

When the patient was 10, the exposure of two-thirds
of palatal roots and third-degree loosening of teeth were
observed (Fig. 3). A panoramic radiograph picture was tak-
en (Fig. 4), which revealed complete absence of the bone
base in all permanent first molars. Teeth 16 and 26 were
qualified for extraction, which was performed in an outpa-
tient setting under local anesthesia and antibiotic treatment
(clindamycin, 10 mg/kg/dose). The obtained material from
granulomatous lesions was submitted for histopathological
examination, the results of which indicated non-specific
inflammatory granulation tissue.

The next year, tartar deposits in the incisors of the man-
dible and gingivitis were discovered, and the mandibular
first molars and central incisors showed signs of sec-
ond-degree loosening. The patient was recommended to
continue conservative treatment and undergo removal
of the tartar deposits under antibiotic treatment (amoxi-
cillin with clavulanic acid, 2 doses of 30 mg/kg with an
interval of 12 hours, given at home). A few months later
(Fig. 5), examination revealed intensified inflammation
around tooth 36 with its roots halfway exposed, as well
as looseness of teeth 32-42. Extraction of tooth 36 was
performed under local anesthesia in an outpatient setting

and covered with intravenous antibiotic (amoxicillin with
clavulanic acid 30 mg/kg/dose).

At the age of 15 (Fig. 6), the patient came to the Chil-
dren’s Dentistry Clinic of the Children’s Memorial Health
Institute due to an exophytic lesion near teeth 37 and 38 on
the lingual side (Fig. 7). During the intraoral examination,
a lesion measuring 25 mm was found; it had a wide base
and was elastic and hard, covered with a smooth mucosa
with a vivid red color, and was not painful. Submandibu-
lar lymph nodes on the left side were enlarged, albeit not
painful; they were movable against the skin and the base.
All teeth were also found to be loose, with deep periodon-
tal pockets and inflammation of the marginal periodon-
tium. A control panoramic radiograph picture was taken
(Fig. 8). The patient was qualified for surgery to remove
the lesion and extract twenty-one teeth. Despite agranu-
locytosis, after an immunologist’s consultation, the pa-
tient underwent the procedure under general anesthesia
and antibiotic treatment (clindamycin intravenously,
10 mg/kg/dose). An exophytic lesion was removed from
the alveolar part of the mandible. The sockets and the tu-
mor bed were secured with a collagen sponge and approach
sutures. The histopathologic examination of the collected
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material revealed giant cell epithelium; as for the material
taken from the alveoli, its fragments were covered with
partially dilated multilayer squamous epithelium without
any signs of atypia.

The numerous extractions and damage to the alveo-
lar process after the removal of the lesion had a negative
impact on the emotional state of the patient and required
treatment to restore the aesthetics of the dentition. The pa-
tient was referred to the Department of Prosthodontics
of the Medical University of Warsaw to have his lost
chewing function restored and pronunciation and dental
aesthetics improved. Due to the condition of the prosthetic
base, the patient was offered removable dental prostheses.
At the time of the prosthetic procedure at the Department
of Prosthodontics, Medical University of Warsaw, the pa-
tient came to the Children’s Dentistry Clinic of the Insti-
tute of Pediatric Medicine due to a painful traumatic lesion
— a pressure ulcer — on the lower lip mucosa around teeth
33-34. Topical application of orthodontic wax on teeth
33 and 34 was recommended. Biostimulation laser therapy
with a wavelength of 635 nm and at a dose of 4 J/cm/20 s
was performed as supportive treatment. The biostimula-
tion laser therapy significantly reduced pain and short-
ened the lesion healing time. The patient remains under
the constant care of the Dental Surgery Clinic of the Insti-
tute of Pediatric Medicine and the Prosthetics Department
of the Medical University of Warsaw.

Discussion

Neutropenic patients with ANC decreased below
500 cells/ul are vulnerable to bacterial infections, which
may be life-threatening but usually respond well to modern
antibiotics. Another common problem of SCN patients who
have not undergone HSCT is periodontitis, which may lead
to both infections and permanent teeth loss. A recent study
of Rotulo et al. showed that approx. 30% of adult patients
with ELANE deficiency in the French Severe Chronic Neu-
tropenia Registry present with edentulism [17]. The patho-
genesis of gingivitis and periodontitis is multifactorial;
it includes interactions between oral microbiota and host
defense [18]. Neutrophils are the key cells for oral cavi-
ty health and neutrophil deficiency or dysfunction usually
results in periodontal disorder [18, 19]. The literature re-
view points to the conclusion that pathological symptoms
in the oral cavity in patients with SCN usually start at
2 years of age and become a serious, life-long problem de-
spite rHuG-CSF treatment [13-17, 19]. The literature data
indicate that in 20% of patients with congenital neutropenia,
ulceration lesions located in various parts of the oral cavity
may be symptoms of the disease [16]. Advanced periodon-
titis, severe gingivitis, and significant alveolar bone loss
resulting in the premature loss of teeth — both in the case
of primary and permanent dentition — may indicate a se-
vere disturbance in the production and release of neutro-
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Fig. 7. Mandible, left side, September 2018

-

Fig. 8. Panoramic radiograph, September 2018

phils from the marrow into the peripheral blood [5, 15-17].
In our patient, oral cavity changes typical for SCN — in
the form of gingivitis, i.e. swelling, redness, and bleeding
from periodontal tissues — appeared when he was 2 years
and led to the premature loss of several primary teeth.

Dental management in such patients consists in regu-
lar dental visits combined with oral hygiene instruction,
health education, professional dental cleaning procedures,
and the use of antibacterial gels and rinses. In cases of ad-
vanced periodontal disease, it is necessary to extract teeth
under antibiotic treatment. The patient described in this
case report suffered from significant hygiene negligence
caused by pain and bleeding of the gums during hygienic
procedures which, coupled with the lack of regular fol-
low-up visits and severe congenital neutropenia, led to
the premature loss of dentition. Despite being 15 years old,
he had only 5 teeth left, all of them affected by significant
progression of periodontal disease. As such, it was neces-
sary to provide him with a removable dental prosthesis.

According to Segel and Halterman and Olczak-Kowal-
czyk et al., the most effective way to prevent oral inflam-
mation and premature tooth loss is to motivate the patient
to maintain proper oral hygiene [1, 15]. Regular and fre-
quent dental checkups and professional prevention of car-
ies and periodontal disease reduce the severity of chronic
periodontitis and the risk of caries [15].

Interestingly, besides neutropenia, patients affect-
ed with SCN also present with deficiency of neutrophil
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granule-associated proteins such as antimicrobial peptides
cathelicidin LL-37 and human neutrophil peptides 1-3
[19, 20]. The concentration of these anti-inflammatory
peptides in patients’ saliva does not increase even during
successful treatment with G-CSF preparations [19]. There-
fore, chronic periodontitis occurs in patients with SCN
who have not undergone HSCT. Though an attempt was
made to treat our patient with G-CSF, the high doses that
he required to raise his ANC above 1000/ul contributed
to the occurrence of side effects and resulted in treatment
cessation. After the diagnosis of SCN type 6 (caused by
the JAGNI gene mutations) was confirmed by molecular
examination, the boy was offered HSCT treatment, which
was not implemented due to the parents’ objection.

Conclusions

The presented literature and the described case report
confirm that oral mucosa lesions in patients with SCN are
often infectious and may lead to systemic infection and
life-threatening conditions. They manifest as erosions, ulce-
rations, and hyperplastic changes in the mucosa. Their
most characteristic symptoms, however, are gingivitis
and rapid periodontal destruction not amenable to local
treatment. Attention to oral hygiene, the use of local an-
tibacterial agents, and regular visits to the dentist’s office
can alleviate the course of the disease process in the peri-
odontal tissues and prevent the formation of odontogenic
infection foci. In the case of procedures related to the dis-
ruption of tissue continuity and bacteremia, such as scaling
or tooth extraction, the following antibiotic prophylaxis is
recommended: amoxicillin with clavulanic acid adminis-
tered in a single dose of 50 mg/kg, and in children allergic
to penicillin, clindamycin in a single dose of 20 mg/kg.

The authors declare no conflict of interest.

References

1. Segel G, Halterman J (2008): Neutropenia in pediatric prac-
tice. Pediatr Rev 29: 12-24.

2. Skokowa J, Dale D, Touw I, et al. (2017): Severe congenital
neutropenias. Nat Rev Dis Primers 3: 17032.

3. Klaudel-Dreszler M, Beranatowska E (2007): Chronic neu-
tropenia in children-diagnostics, therapeutic management and
prophylaxis. Cent Eur J Immunol 32: 226-233.

4. Rosenzweig SD, Holland SM (2004): Phagocyte immunode-
ficiencies and their infections. J Allergy Clin Immunol 113:
620-626.

5. Welte K, Zeidler C, Dale DC (2006): Severe congenital neu-
tropenia. Semin Hematol 43: 189-195.

6. Kostmann R (1956): Infantile genetic agranulocytosis (Agran-
ulocytosis infantilis hereditaria): a new recessive lethal dis-
ease in man. Acta Paediatr Suppl. 45: 1-78.

7. Boztug K, Jarvinen P, Salzer E, et al. (2014): JAGN1 deficien-
cy causes aberrant myeloid cell homeostasis and congenital
neutropenia. Nat Genet 46: 1021-1027.

74

10.

11.

17.

18.

19.

20.

. Khandagale A, Holmlund T, Entesarian M, et al. (2021):

Severe congenital neutropenia-associated JAGN! mutations
unleash a calpain-dependent cell death programme in myeloid
cells. Br J Haematol 192: 200-211.

. Bonilla MA, Gillo AP, Ruggeiro M, et al. (1989): Effects

of recombinant human granulocyte colony-stimulating factor
on neutropenia in patients with congenital agranulocytosis.
N Engl J Med 320: 1574-2081.

Dale DC, Bonilla MA, Davis R, et al. (1993): A randomized
controlled phase III trial of recombinant human G-CSF for
treatment of severe chronic neutropenia. Blood 81: 2496-
2502.

Zeidler C, Welte K, Barak Y, et al. (2000): Stem cell trans-
plantation in patients with severe congenital neutropenia
without evidence of leukemic transformation. Blood 95:
1195-1198.

. Dror Y, Sung L (2004): Update on childhood neutropenia:

molecular and clinical advances. Hematol Oncol Clin North
Am 18: 1439-1458.

. Klaudel-Dreszler M, Pietrucha B, Skopczynska H, et al.

(2007): Przewlekta neutropenia — doswiadczenia wtasne
Oddziatu Immunologii Instytutu “Pomnik-Centrum Zdrowia
Dziecka” w Warszawie z lat 1985-2006. Med Wieku Rozw
XI 2 part I: 145-152.

. Olczak-Kowalczyk D, Matosek A, Wrzesniewska D (2006):

Kliniczna manifestacja pierwotnych niedoboréw odpornosci
na btonie Sluzowej jamy ustnej. Standardy Med 3: 447-453.

. Olczak-Kowalczyk D, Matosek A, Bernatowska E, et al.

(2006): Obraz kliniczny cig¢zkiej wrodzonej neutropenii w ja-
mie ustnej — opis przypadku. e-Dentico 1: 86-88.

. Tirali RE, Yal¢inkaya Erdemci Z, Cehreli SB (2013): Oral

findings and clinical implications of patients with congenital
neutropenia: a literature review. Turk J Pediatr 55: 241-245.
Rotulo G, Plat G, Beaupain B, et al. (2021): Recurrent bacte-
rial infections, but not fungal infections, characterise patients
with ELANE-related neutropenia: a French Severe Chronic
Neutropenia Registry study. Br J] Haematol 194: 908-920.
Darveau R (2010): Periodontitis: a polymicrobial disruption
of host homeostasis. Nat Rev Microbiol 8: 481-490.

Ye Y, Carlsson G, Wondimu B, et al. (2011): Mutations in
the ELANE gene associated with development of periodontitis
in patients with severe congenital neutropenia. J Clin Immu-
nol 31: 936-945.

Andersson M, Karlsson J, Carlsson G, et al. (2007): Expres-
sion of granule-associated proteins in neutrophils from pa-
tients with severe congenital neutropenia. Blood 110: 2772-
2773; author reply 3-4.

Central European Journal of Immunology 2023; 48(1)



