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Abstract
Objective: This study aimed to assess associations between neutrophil-related pri-
mary immunodeficiencies (PIDs) and the presence of periodontal disease and other 
oral diseases and response to periodontal treatment.
Background: Presence of neutrophil-related PIDs is thought to be a major risk factor 
for development of periodontitis.
Methods: This study had both a cross-sectional and cohort design. Twenty-four chil-
dren (age 4–16) with PIDs and 24 age-matched systemically healthy subjects received 
a dental clinical examination, including measures of probing pocket depths (PPD), clin-
ical attachment loss (CAL) and bleeding on probing (BOP). Those found to be affected 
by periodontal disease were offered periodontal treatment and reassessed 6 months 
later.
Results: Diagnosis of PIDs was associated with increased odds of presence of peri-
odontal disease (p = .008 adjusted for age, gender, plaque, OR = 10.0, 95% CI = 1.83–
54.38) and with continuous measures of periodontal disease such as number of PPDs 
>4 mm, mean PPD and mean CAL (all p < .001) and BOP (p = .001). However, only 7 
out of 24 children were diagnosed with periodontitis. PIDs were also associated with 
a history of oral ulcers (p = .001, OR 12.47, 95% CI 2.71–57.29). An improvement in 
periodontal parameters (PPD and CAL) was detected following oral hygiene instruc-
tions and non-surgical periodontal therapy.
Conclusion: Although children affected by neutrophil-associated PIDs exhibited a 
higher prevalence of periodontal disease compared with systemically healthy chil-
dren, severe periodontitis was rarely seen. This suggests that good systemic control 
of the PIDs may reduce their impact on the periodontium.
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1  |  INTRODUC TION

Primary immunodeficiency diseases (PIDs) are rare early-onset and 
often life-threatening inherited disorders characterised by intrinsic 
defects in the human immune system.1 PIDs have been associated 
with more than 200 gene defects and manifest in over 180 differ-
ent phenotypes.2 The prevalence of oral conditions and periodontal 
diseases is thought to increase dramatically in children affected by 
PIDs.3,4 Children with defects in neutrophil activity seem partic-
ularly susceptible to develop severe periodontitis in both primary 
and permanent dentitions, due to the crucial defensive role of neu-
trophils against periodontopathogenic bacteria.5,6 Furthermore, 
their response to periodontal treatment is highly variable, and the 
presence of periodontitis often leads to early tooth loss,4,7 with a 
devastating effect on mastication, aesthetics and quality of life. 
Furthermore, oral diseases (in particular periodontitis) may also pro-
vide an additional systemic inflammatory burden for these subjects, 
due to microbial entry into the systemic circulation from inflamed 
gum tissues.7,8

Incorporation of periodontal screening has been advocated for 
early diagnosis and treatment of periodontal diseases in all chil-
dren and especially for children with neutrophil defects, to prevent 
disease progression and tooth loss.9,10 However, most published 
papers on periodontitis in children with immunodeficiencies are 
case reports or familial observations11–15 or reviews,3,4 A recent 
systematic review from our group revealed a high prevalence of 
periodontal diseases in children with PIDs and a modest response 
to treatment. However, the evidence was mainly based on case re-
ports.4 Therefore, there is a lack of well-designed studies inves-
tigating both the prevalence of periodontitis and oral diseases in 
general in children with neutrophil defects and their response to 
treatment. A better understanding of the causative factors may 
help in early diagnosis and treatment, eventually improving disease 
management.

The aims of this study were to: (i) compare the periodontal status 
of children with neutrophil disorders to systemically healthy controls 
and (ii) assess response to periodontal treatment in children affected 
by neutrophil disorders. The null hypothesis was that no difference 
in the prevalence of periodontal disease existed between children 
with PIDs and systemically healthy children.

2  |  MATERIAL S AND METHODS

This study consisted of two separate components:

1.	 Cross-sectional: comparison of the oral health status (and 
particularly the periodontal conditions) of children with 
PIDs affecting neutrophil function vs. systemically healthy 
children.

2.	 Longitudinal: assessment of response to treatment (oral hygiene 
instructions and non-surgical periodontal therapy) in children 
with PIDs affecting neutrophil function.

2.1  |  Patient population

The study was conducted in line with the principles outlined in the 
Declaration of Helsinki (2008) on experimentation involving human 
participants. Ethics approval for the conduct of the study was granted 
by the UK National Research Ethics Service Committee London–
Hampstead (ref 15/LO/1090). Each patient's parent or guardian gave 
informed consent for study participation. Every child was provided 
with an information sheet for the study (different versions according to 
age groups, 4–5 years old, 6–9 years old and 10–15 years old) and pro-
vided assent to take part in the study. The study was registered on clini-
caltrails.gov (ref NCT03069079), and the paper follows the STROBE 
checklist for reporting observational studies (Appendix S1). Patient 
visits took place from 7th of March 2017 to 4th of December 2019.

2.2  |  Test patients

Twenty-four children affected by neutrophil defects potentially af-
fecting the periodontium were identified from subjects attending 
the Immunology and Haematology clinics at Great Ormond Street 
Hospital (GOSH) as well as from the Paediatric department, Royal 
London Hospital (RLH), Barts Health NHS Trust, following a medical 
examination.

Inclusion criteria were as follows:

1.	 Age 4–15  years.
2.	 Diagnosis of one of the following neutrophil defects (as confirmed 

by the treating physician):
a.	 Disorders of neutrophil numbers [neutropenia was defined as 

an absolute neutrophil count (ANC) below 1.5  ×  109/L; severe 
neutropenia was defined as an ANC below 0.5 × 109/L], includ-
ing cyclic neutropenia, congenital neutropenia, severe congenital 
neutropenia, X-linked Neutropenia or auto-immune Neutropenia.

b.	 Disorders of neutrophil function, including Leukocyte 
Adhesion Defects or other neutrophil disorders/ undefined 
neutrophil disorders (functional defects demonstrated on 
testing but genetic basis not yet known).

c.	 Combined immunodeficiency syndromes.
3.	 Participants/parents/guardians willing to give informed consent 

and sign the consent form.

Exclusion Criteria were as follows:

1.	 previous bone marrow transplant or treatment with granulocyte 
colony-stimulating factor (G-CSF) leading to increased neutrophil 
levels (≥1.5  ×  109/L).

2.3  |  Control patients

Controls (n = 24) were recruited among children referred for treat-
ment to the Department of Paediatric Dentistry at RLH Barts Health 
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NHS Trust by their general dental practitioner or the community 
dental services (usually referred due to the presence of dental car-
ies, dental trauma, medical complications, dental anomalies or den-
tal anxiety). Controls were broadly matched to test patients for age 
groups (4–5 years old, 6–9 years old and 10–15 years old). Inclusion 
criteria for control were as follows:

1.	 Age 4–15  years.
2.	 Parental or participant-reported systemic health.
3.	 Participants/parents/guardians willing to give informed consent 

and sign the consent form.

Exclusion criteria for controls were as follows:

1.	 Abscesses/sinuses associated with their teeth as they will have 
pathology associated with their periodontal tissues.

2.	 Pre-formed metal crowns placed on their teeth (predisposing to 
plaque retention).

3.	 Traumatic luxation injuries to their teeth or crown-root fractures 
of their teeth.

2.4  |  Study visits

The flowchart in Appendix S2 shows the study visits.

1.	 Screening (test only): following informed consent, test par-
ticipants underwent a screening visit, involving collection of 
data on clinical and laboratory diagnosis, treatment and dental 
history. At this visit, a Basic Periodontal Examination (BPE) 
and assessment of caries (dmft/DMFT) and mucosal diseases 
were carried out (see ‘Clinical examination’ section). Saliva and 
plaque sample and clinical photographs were taken, and a dental 
treatment plan was made.

2.	 Baseline (test and control participants): full periodontal examina-
tion including the collection of periodontal measurements (and 
dental radiographs if appropriate), clinical photographs, saliva and 
plaque samples were taken (if not done at screening visit), as well 
as gingival crevicular fluid (GCF) samples.

3.	 Treatment visit(s) (test): this included updates about medical his-
tory, adverse events recording, oral hygiene instructions and su-
pra- and subgingival debridement and polishing.

4.	 6 months post-treatment re-evaluation visit (test): this included 
updates about medical history, adverse events recording, dental 
examination, full-mouth periodontal measurements and oral hy-
giene instructions. Sampling of saliva, subgingival plaque, gingival 
crevicular fluid, tooth scaling and polishing.

2.5  |  Clinical examination

Basic Periodontal Examination (BPE) was performed, consisting 
of gentle probing between teeth and gums on index teeth. These 

were the upper right 1 (1.1) and 6 (1.6), upper left 6 (2.6), lower 
left 1 (3.1) and 6 (3.6) and lower right 6 (4.6) in the permanent 
dentition, while in their absence upper right C (5.3) and D (5.4), 
upper left D (6.3), lower left C (7.3) and D (7.4) and lower right 
D (8.4) were used in the deciduous dentition. BPE of 0 indicates 
health, 1 indicates bleeding on probing, with no plaque reten-
tion factors and no probing pocket depths (PPD) >  3.5  mm, 2 
means presence of calculus or plaque retentive factors, but no 
PPD > 3.5 mm, 3 indicates PPDs 3.5–5.5 mm, while code 4 indi-
cates PPDs > 5.5 mm. The dmft/ DMFT (decayed missing filled 
teeth) index was calculated for recording caries experience after 
examination of hard tissues. Mucosal status was investigated by 
recording the presence of ulcers, blisters, white patches, speck-
led areas and masses. At the baseline visit, calibrated dental 
examiners carried out a more detailed assessment, consisting 
of collection of full-mouth measurements of PPD, clinical at-
tachment loss (CAL), bleeding on probing16 and assessment of 
plaque levels (simplified visible biofilm index).17 Four examiners 
collected the clinical periodontal measurements from all patients 
(Appendix S3).

2.6  |  Definition of periodontal disease

Based on the periodontal examination, children were diagnosed as:

1.	 Healthy: no attachment loss (identified as no CAL >  3  mm 
or CAL >  3  mm in <2 non-adjacent teeth) and no/minimal 
gingival inflammation (measured as <15 sites bleeding on 
probing).18

2.	 Gingivitis: no attachment loss (identified as no CAL >  3  mm or 
CAL > 3 mm in <2 non-adjacent teeth) and presence of gingival 
inflammation (≥ 15 sites bleeding on probing).18

3.	 Periodontitis: CAL > 3 mm in ≥2 non-adjacent teeth.19

When a BPE code 3 or more was detected, bitewings or long 
cone parallel periapical radiographs using Rinn holders were taken 
to detect marginal bone levels, according to clinical needs. In the 
case of patients unable to tolerate bitewings or long cone periapical 
radiographs, a dental orthopantomogram was requested.

2.7  |  Radiographs

When a BPE code 3 or more was detected, bitewings, long cone par-
allel periapical radiographs or dental orthopantomograms were ex-
posed (if not already available), according to clinical needs. In other 
cases, available radiographs were examined. The distance between 
coronal and apical bone levels and cemento-enamel junction (CEJ) 
(identifiable radiographically) was analysed. ‘True’ bone loss was de-
fined in cases where the distance between apical bone level and CEJ 
was >2 mm and not associated with the eruption of teeth,20 or with 
radiolucency in the furcation area.
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2.8  |  Periodontal treatment

All test children were offered an oral hygiene and tooth scaling and 
polishing session. For children affected by periodontal disease, sub-
gingival debridement was performed according to needs, with the 
use of local anaesthesia if considered necessary by the treating cli-
nician. The necessary subgingival debridement was performed in 1 
to 2 visits using manual (Gracey curettes, Hu-Friedy) and ultrasonic 
devices (EMS). Caries was treated as necessary in shared care with 
the general dental practitioners.

2.9  |  Sample size calculation

Hypothesising that control patients would have a prevalence of peri-
odontal disease (periodontitis/gingivitis) of 0.5 and that test patients 
have an Odds Ratio (O.R.) of 80 to have periodontal disease com-
pared with controls (based on Halai et al4), a sample size of 24 test 
and 24 control patients was estimated to give 80% power to detect 
such O.R. with a cross-sectional design.

2.10  |  Statistical and bioinformatic analyses

All data derived from the study were anonymised and entered in a 
statistical package database. The descriptive analysis includes the 
prevalence of periodontal diseases in the study cohort (divided 
by medical diagnosis). The primary study outcome is the presence 
of periodontal disease (subdivided in gingivitis and periodonti-
tis). Secondary outcomes include clinical parameters (PPD, CAL 
and FMBS) microbial and inflammatory markers (not reported in 
this paper) and response to treatment. Explanatory variables are 
presence (and type) of PID, age, gender, previous treatment and 
plaque scores. Associations between these factors and periodon-
tal diagnosis were assessed by the two-sample t test or ANOVA as 
appropriate. Normal distribution of clinical parameters was con-
firmed via Kolmogorov-Smirnov and Shapiro-Wilk tests. Linear 
and logistic regression analysis adjusted for explanatory variables 
were carried out as appropriate. Response to therapy was evalu-
ated by comparing clinical periodontal parameters at baseline and 
follow-ups by paired-sample t test, using intention-to-treat analy-
sis. The p value set for significance was <0.05.

3  |  RESULTS

3.1  |  Medical history (test control)

A total of 48 patients were recruited between March 2017 and 
December 2019. Their demographic characteristics are reported in 
Table 1. The majority of patient was Caucasian, with an average age 
around 10 years old. None of these differences were statistically sig-
nificant between test and control groups.

Test patients were diagnosed with auto-immune neutropenia 
(n = 5), severe congenital neutropenia (n = 4), congenital neutro-
penia (n = 1), other neutrophil disorders where functional defects 
demonstrated on testing but with unknown genetic basis (n = 5), 
and other syndromes, which included Shwachman-Diamond syn-
drome (n = 2), Cohen's Syndrome (n = 2), Fanconi's anaemia (n = 2), 
Clericuzio-type poikiloderma (n  =  1), Papillon-Lefèvre Syndrome 
(PLS) (n = 1) and glycogen storage disease (n = 1) (see Appendix S4). 
The reported mean age at diagnosis was 4.2 (±3.9) years old, and 
the average number of years since diagnosis was 5.8 (±3.8). Self-
reported family history of PID was positive for 4 test patients and 
negative for 15, while it was unknown for 5. Two of the patients 
reported that the parents were consanguineous. Twenty-three out 
of twenty-four test patients had an absolute neutrophil count less 
than 1.5 × 109/L (for 10 of them <0.5 × 109/L). Only one of the 
test patients (diagnosed with Papillon-Lefevre Syndrome) had a 
neutrophil count of 3.2 × 109/L at the baseline study visit. Three 
of the test patients were on a granulocyte colony-stimulating fac-
tor (G-CSF or GCSF), while 6 patients were on weekly antibiot-
ics, 1 on weekly antifungals and 3 patients (who had asthma) used 
salbutamol inhalers when needed. Although these conditions are 
associated with a range of other inflammatory/immunological fea-
tures, these were not investigated in this study, which focussed 
on neutrophils.

Control patients were systemically healthy, with only 2 reporting 
a medical history of asthma and the use of salbutamol inhalers. Eight 
test patients reported previous non-surgical periodontal therapy 
and 2 reported early loss of teeth not due to trauma. Test and con-
trol patients used a combination of electric and manual toothbrush, 
and the majority (21 test and 15 control patients) reported brushing 
at least 2/day. A small percentage of patients (6 test and 3 control 
patients) reported interdental brush use and 7 test and 2 controls 
reported using mouthwash daily.

TA B L E  1  Baseline characteristics of test and control patients

Demographics Test Control
Comparison 
p

Gender

Male 13 15 .770

Female 11 9

Ethnicity

Caucasian 13 12 .428

Asian 9 6

Afro-Caribbean 1 4

Mixed/Other 1 2

Age at Visit 1

4–6 years 6 6 .949

7–9 years 5 5

10–15 years 13 13

Average 9.67 ± 3.70 10.04 ± 3.51 .720
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3.2  |  Oral examination (test-control)

Table 2 reports the results of dental/periodontal examination in test 
(baseline and 6-month follow-up) and control patients. Out of 24 PID 
cases, 7 were diagnosed with periodontitis, 8 with gingivitis and 9 
with periodontal health. Cases diagnosed with periodontitis included 
severe congenital neutropenia (n = 2), congenital neutropenia (n = 1), 
other neutrophil disorders (n  =  2), Shwachman-Diamond syndrome 
(n = 1) and Clericuzio-type poikiloderma (n = 1). The PLS patient and 
a patient with Cohen's syndrome reported a history of periodontitis 
and early tooth loss, although they were not diagnosed with perio-
dontitis based on the baseline criteria. Figure 1 shows the clinical pho-
tograph and radiograph of neutropenic test patient diagnosed with 
periodontitis. Controls were diagnosed with either gingivitis (n = 4) 
or periodontal health (n  = 20). Figure 2 shows clinical photographs 
and radiographs of systemically healthy control patient diagnosed 
with gingivitis (A and B) and periodontal health (C and D). The visible 
plaque index (VBI) ranged from 1 to 3 in test and controls (Appendix 
S5). Diagnosis of PID was associated with periodontal status (health 
vs. gingivitis vs. periodontitis) (Chi-square p = .002). Logistic regres-
sion revealed that patients with PID were found to have a higher 
prevalence of periodontal disease (periodontitis + gingivitis) (p = .008 
adjusted for age, gender, plaque, OR = 10.0, 95% CI = 1.83–54.38) (see 
Table 3). In agreement with this, associations with PID were found for 
number of PPDs >4 mm (p = .043), average PPD (p < .001), average 
CAL (p < .001) and BOP (p = .001), with a border-line association for 
proportion of PPDs >4 mm (p = .054). Proportion of sites divided by 
PPDs in test and control subjects is reported in Appendix S6.

Same levels of plaque were associated with higher BOP in PID 
compared with systemically healthy children. In particular, while 
BOP was similar for test and control children with visible biofilm 
index of 1 (4.2% vs. 4.7% respectively), clear differences were seen 
for VBI of 2 (24.9% for test and 2.1% for control children) and VBI of 
3 (45.0% for test and 14.4% for control children).

Test patients had a higher prevalence of history of oral ulcers 
(p = 0.001, OR 12.47, 95% CI 2.71–57.29 adjusted for age, gender 
and VBI) (example of test patient in Appendix S7). Eight test patients 
(33.3%) and no controls reported having mouth ulcers at least 1/
month. Three patients presented with mouth ulcers at the baseline 
examination.

3.3  |  Radiographic assessment

Radiographs of 18 test and 12 control patients were available for anal-
ysis. These radiographs consisted of 21 orthopantomograms, 7 bitew-
ings, 2 lateral oblique radiographs and 1 set of periapical radiographs. 
In 4 cases, bone levels were not clearly visible on radiographs. Of 7 
patients with a clinical diagnosis of ‘periodontitis’, 4 exhibited signs 
of bone loss, while 1 did not and 2 radiographs could not be scored.

3.4  |  Longitudinal assessment

Twenty test patients received treatment and attended the 6-month 
re-evaluation appointment. A total of 23 deciduous teeth exfoliated 

TA B L E  2  Clinical data of test patients (baseline and 6 months) and controls

Controls

Clinical data Comparisons p

Test

Test baseline vs. C
Test baseline vs. 
Test follow-upBaseline 6-month follow-up

Number of deciduous teeth 9.12 ± 7.61 7.71 ± 8.23 6.7 ± 8.25 .539 –

Number of permanent teeth 14.37 ± 10.42 15.25 ± 10.52 16.6 ± 9.84 .774 –

Visible biofilm Index 12 (50.0%) 1 5 (22.7%) 7 (35.0%) .074 –

7 (29.2%) 2 9 (40.9%) 8 (40.0%)

5 (20.8%) 3 8 (36.4%) 5 (25.0%)

Average PPD (mm) 1.87 ± 0.28 2.35 ± 0.53 1.96 ± 0.33 <.001 .011

Average CAL (mm) 0.84 ± 0.32 1.56 ± 0.74 1.07 ± 0.43 <.001 .015

NUMBER PPDs>4 mm 0 2.95 ± 6.95 0.05 ± 0.22 .043 .078

PROPORTION PPDs>4 mm 0 1.90 ± 4.71% 0.03 ± 0.15% .054 .065

BOP % 5.96 ± 8.42 27.50 ± 27.81 24.27 ± 24.42 .001 .511

Dx of Periodontitis 0 7/24 (29.2%) 4/20 (20%) .002 –

Dx of gingivitis 4 (16.7%) 8 /24(33.3%) 6/20 (30%) –

Dx of periodontal health 20 (83.3%) 9/24 (37.5%) 10/20 (50%) –

Dx of caries 4 (16.7%) 1 (4.2%) 0 .348 –

Dx of mucosal ulcers 0 3/24 (12.5%) 2/20 (10%) .234 –

History of ulcers 4 (16.7%) 18 (75.0%) – <.001 –

Note: Results of intention-to treat analysis are reported for clinical measurements at the 6-month follow-up.
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(as part of the normal exfoliation process) and 46 additional perma-
nent teeth erupted enough to be probed during the study 6-month 
follow-up period. Table 2 shows periodontal parameters at baseline 

vs. re-evaluation, showing statistically significant improvements in 
periodontal conditions post-treatment, measured as improvements 
in average PPD (p =  .011) and average CAL (p =  .015). Changes in 
number of PPDs >4 mm (p =  .078) and percentage BOP were not 
statistically significant (p = .511). At the 6-month follow-up, only 1 
of the patients diagnosed with periodontitis and 1 of the patients 
diagnosed with gingivitis at baseline reverted to periodontal health 
(based on the definitions adopted in this study). Figure 3 shows clini-
cal photograph of a test patient at baseline and at the 6-month fol-
low-up post-periodontal treatment, showing a reduction in marginal 
inflammation.

4  |  DISCUSSION

This study showed that children affected by neutrophil-related pri-
mary immunodeficiencies were nearly 10 times more likely to be 
diagnosed with periodontal disease (gingivitis or periodontitis) com-
pared with systemically healthy age-matched children. This is sub-
stantiated by previous reports on periodontal conditions in children 
and adolescents in the UK. Thirty-eight per cent of the test children 
and 13% of the control children had a BPE of 3 or higher in the pre-
sent study, compared with 3% of male and 5% of female 15-year-old 
children in the Children's Dental Health Survey.21

However, periodontal disease prevalence and severity observed 
in this group of children with PIDs (mean approximately 3 sites with 
PPD >4 mm per patient) are somewhat less than what was reported 
in PID patients in previous studies11,22,23 and summarised in a recent 

F I G U R E  1  Clinical photograph and radiograph of neutropenic 
test patient diagnosed with periodontitis

F I G U R E  2  Clinical photographs and radiographs of systemically healthy control patient diagnosed with gingivitis (A,B) and periodontal 
health (C,D)
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systematic review from our group.4 A reason for this difference may 
be the good standard medical and dental management of patients 
included in the present study. Patients were diagnosed with PID at 
the average age of 4.2  years, and some were treated with G-CSF 
as well as antibiotics and antifungals. A third of test patients had 
previously received non-surgical periodontal therapy in secondary 
care (GOSH or RLH). Daily oral hygiene may be influential as 38% 
(n = 9) of patients additionally used mouthwash and 25% (n = 6) of 
used interdental brushes at baseline. Also, there may be an element 
of publication bias in the literature, consisting mainly of case reports 
and case series, where only when severe periodontitis associated 
with PID is published.

PID children in the present study had high prevalence and his-
tory of mouth ulcers (affecting 75% of test patients and 17% of con-
trol patients based on self-report). The prevalence in controls is in 

agreement with previous studies on recurrent aphthous stomatitis 
(RAS) in the general population24,25 Children with systemic diseases 
seem to consistently have higher prevalence of oral ulcerations.26,27 
Possible mechanisms of reported associations between PIDs and 
oral ulcerations22,28-30 involve an immunopathic process involv-
ing cytolytic activity in response to HLA or foreign antigens,31,32 
trauma, stress, menstruation, nutritional deficiencies, food allergies 
and endocrinopathies. The immunopathogenesis of recurrent oral 
ulceration may involve differentiation of cytotoxic T cells and pro-
duction of TNF-α33 and other cytokines, such as interleukin-2.34 As 
neutrophils are also important in regulating other leukocytes, their 
reduced number may influence this process.35,36

Non-surgical periodontal therapy and oral hygiene instruction 
appeared to be effective in these patients, with statistically signif-
icant reductions in PPD and CAL. The number of PPDs >4 mm was 
reduced from a mean of nearly 3 to 0.05 per patient after treatment. 
However, children with PIDs had consistently higher BOP in the 
presence of visible biofilm index of 2 or 3 compared with healthy 
children. This suggests a stronger response to plaque accumulation 
in children with PIDs, resulting in more pronounced gingival inflam-
mation. Non-surgical therapy was also safe in this patient cohort, 
as no serious adverse events were recorded. However, it is import-
ant to bear in mind that often prophylactic antibiotic cover may be 
required.

Limitations of this study include potential selection bias, as 
not all approached patients with PID or their families were willing 
to participate. Control patients were recruited from the paediat-
ric new patient clinic and may not be a truly representative sam-
ple. Furthermore, they did not receive any periodontal treatment. 
In addition to this, examiners were not blind to medical diagnosis. 
A per-protocol definition previously suggested by the European 
Federation of Periodontology and taking into account attachment 
loss19 was used for diagnosis of periodontitis, to balance the highly 
likelihood of ‘false pockets’ in children.37 A strength of this study 
is the relatively large sample study compared with previous studies 
on this topic and the cross-sectional design, which allowed compar-
ison with a reference group of systemically healthy age-matched 
children.

Overall, this study suggests that neutrophil-related PIDs are as-
sociated with higher prevalence of periodontal diseases. However, 
in the cases seen here, periodontal severity was not very advanced, 

TA B L E  3  Results of logistic regression analysis for association between PID diagnosis, age, gender and Visible dental biofilm index and 
presence of periodontal disease

B SE Wald df Sig Exp(B)

95% CI for EXP(B)

Lower Upper

Step 1

Age 0.172 0.126 1.866 1 .172 1.187 0.928 1.520

Gender 0.634 0.868 0.533 1 .465 1.885 0.344 10.337

PID diagnosis 2.302 0.864 7.088 1 .008 9.990 1.835 54.379

Visible dental biofilm index 1.197 0.555 4.645 1 .031 3.311 1.115 9.834

Constant –6.627 2.368 7.833 1 .005 0.001

F I G U R E  3  Clinical photographs of test patient at baseline (A) 
and at 6-month follow-up (B), following periodontal treatment
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presumably due to early interceptive treatment for both systemic 
conditions and gingival conditions are carried out. Future studies 
should focus on understanding the molecular mechanisms of asso-
ciations between PIDs and both periodontal disease and oral muco-
sal lesions, as better prevention and management may improve the 
quality of life of children affected by PIDs.

ACKNOWLEDG EMENTS
The assistance of Drs. Kruti Desai, Siobhan Burns and Austen Worth 
in study set-up is gratefully acknowledged. The assistance of Drs. 
Carol Mason and Urshla Devalia in their roles as investigators and 
supervisors at GOSH is gratefully acknowledged.

CONFLIC TS OF INTERE S T
The authors have stated explicitly that there are no conflicts of inter-
est in connection with this article.

AUTHOR CONTRIBUTIONS
Prof L. Nibali contributed to conception, design, data acquisition, 
analysis and interpretation, drafted and critically revised the manu-
script. Drs. J. Bayliss-Chapman, H. Halai, C. Somani, C. Davies and P. 
Ancliff contributed to data acquisition and interpretation and criti-
cally revised the manuscript. Prof N. Donos contributed to concep-
tion, design and critically revised the manuscript. All authors gave 
their final approval and agree to be accountable for all aspects of 
the work.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available on re-
quest from the corresponding author. The data are not publicly avail-
able due to privacy or ethical restrictions.

ORCID
Luigi Nibali   https://orcid.org/0000-0002-7750-5010 

R E FE R E N C E S
	 1.	 Boyle JM, Buckley RH. Population prevalence of diagnosed primary 

immunodeficiency diseases in the United States. J Clin Immunol. 
2007;27:497-502.

	 2.	 Aghamohammadi A, Moin M, Rezaei N. History of primary immu-
nodeficiency diseases in Iran. Iran J Pediatr. 2010;20:16-34.

	 3.	 Szczawinska-Poplonyk A, Gerreth K, Breborowicz A, Borysewicz-
Lewicka M. Oral manifestations of primary immune deficien-
cies in children. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 
2009;108:e9-e20.

	 4.	 Halai H, Somani C, Donos N, Nibali L. Periodontal status of children 
with primary immunodeficiencies: a systematic review. Clin Oral 
Investig. 2020;24:1939-1951.

	 5.	 Nicu EA, Loos BG. Polymorphonuclear neutrophils in periodon-
titis and their possible modulation as a therapeutic approach. 
Periodontol 2000. 2016;71:140-163.

	 6.	 Kantarci A, Oyaizu K, Van Dyke TE. Neutrophil-mediated tissue 
injury in periodontal disease pathogenesis: findings from localized 
aggressive periodontitis. J Periodontol. 2003;74:66-75.

	 7.	 Ghaffar KA, Rose-Nelson C, Glascoe A, Brown RS. Panoramic ra-
diographic representation of progressive periodontal destruction 

in a family with six affected Papillon-Lefèvre siblings. J Clin Pediatr 
Dent. 2009;34:61-65.

	 8.	 Tomás I, Diz P, Tobías A, Scully C, Donos N. Periodontal health sta-
tus and bacteraemia from daily oral activities: systematic review/
meta-analysis. J Clin Periodontol. 2012;39:213-228.

	 9.	 Pernu HE, Pajari UH, Lanning M. The importance of regular dental 
treatment in patients with cyclic neutropenia. Follow-up of 2 cases. 
J Periodontol. 1996;67:454-459.

	10.	 Kumar A, Masamatti SS, Virdi MS. Periodontal diseases in chil-
dren and adolescents: a clinician's perspective part 2. Dent Update. 
2012;39:639-652.

	11.	 Okada M, Awane S, Suzuki J, et al. Microbiological, immunologi-
cal and genetic factors in family members with periodontitis as a 
manifestation of systemic disease, associated with hematological 
disorders. J Periodontal Res. 2002;37:307-315.

	12.	 Bimstein E, McIlwain M, Katz J, Jerrell G, Primosch R. Aggressive 
periodontitis of the primary dentition associated with idiopathic 
immune deficiency: case report and treatment considerations. J 
Clin Pediatr Dent. 2004;29:27-31.

	13.	 Bailleul-Forestier I, Monod-Broca J, Benkerrou M, Mora F, Picard 
B. Generalized periodontitis associated with Chediak-Higashi syn-
drome. J Periodontol. 2008;79:1263-1270.

	14.	 Nagendran J, Prakash C, Anandakrishna L, Gaviappa D, Ganesh D. 
Leukocyte adhesion deficiency: a case report and review. J Dent 
Child. 2012;79:105-110.

	15.	 Sollecito TP, Sullivan KE, Pinto A, Stewart J, Korostoff J. Systemic 
conditions associated with periodontitis in childhood and adoles-
cence. A review of diagnostic possibilities. Med Oral Patol Oral Cir 
Bucal. 2005;10:142-150.

	16.	 Ainamo J, Bay I. Problems and proposals for recording gingivitis and 
plaque. Int Dent J. 1975;25:229-235.

	17.	 dos Santos AP, Soviero VM. Comparison between two visi-
ble biofilm indices in the primary dentition. J Clin Pediatr Dent. 
2006;30:292-295.

	18.	 Biesbrock AR, Bartizek RD, Gerlach RW, Terézhalmy GT. Oral hy-
giene regimens, plaque control, and gingival health: a two-month 
clinical trial with antimicrobial agents. J Clin Dent. 2007;18:101-105.

	19.	 Tonetti MS, Claffey N, European Workshop in Periodontology 
group C. Advances in the progression of periodontitis and pro-
posal of definitions of a periodontitis case and disease progres-
sion for use in risk factor research. Group C consensus report of 
the 5th European workshop in periodontology. J Clin Periodontol. 
2005;32(Suppl 6):210-213.

	20.	 Sjödin B, Matsson L. Marginal bone level in the normal primary den-
tition. J Clin Periodontol. 1992;19:672-678.

	21.	 Child Dental Health Survey. England, Wales and Northern Ireland 
- NHS Digital. 2013. https://digit​al.nhs.uk/data-and-infor​matio​
n/publi​catio​ns/stati​stica​l/child​ren-s-denta​l-healt​h-surve​y/child​
-denta​l-healt​h-surve​y-2013-engla​nd-wales​-and-north​ern-ireland. 
Accessed March 14, 2020.

	22.	 Peacock ME, Arce RM, Cutler CW. Periodontal and other 
oral manifestations of immunodeficiency diseases. Oral Dis. 
2017;23:866-888.

	23.	 Nickles K, Schacher B, Ratka-Krüger P, Krebs M, Eickholz P. Long-
term results after treatment of periodontitis in patients with 
Papillon-Lefèvre syndrome: success and failure. J Clin Periodontol. 
2013;40:789-798.

	24.	 Arendorf TM, van der Ross R. Oral soft tissue lesions in a black pre-
school South African population. Community Dent Oral Epidemiol. 
1996;24:296-297.

	25.	 Bessa CF, Santos PJ, Aguiar MC, do Carmo   MA. Prevalence of oral 
mucosal alterations in children from 0 to 12 years old. J Oral Pathol 
Med. 2004;33:17-22.

	26.	 Majorana A, Bardellini E, Flocchini P, Amadori F, Conti G, Campus 
G. Oral mucosal lesions in children from 0 to 12 years old: ten 

 16000765, 2021, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jre.12880 by N

es, E
dinburgh C

entral O
ffice, W

iley O
nline L

ibrary on [02/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-7750-5010
https://orcid.org/0000-0002-7750-5010
https://digital.nhs.uk/data-and-information/publications/statistical/children-s-dental-health-survey/child-dental-health-survey-2013-england-wales-and-northern-ireland
https://digital.nhs.uk/data-and-information/publications/statistical/children-s-dental-health-survey/child-dental-health-survey-2013-england-wales-and-northern-ireland
https://digital.nhs.uk/data-and-information/publications/statistical/children-s-dental-health-survey/child-dental-health-survey-2013-england-wales-and-northern-ireland


    |  827NIBALI et al.

years’ experience. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 
2010;110:e13-e18.

	27.	 Amadori F, Bardellini E, Conti G, Majorana A. Oral mucosal lesions 
in teenagers: a cross-sectional study. Ital J Pediatr. 2017;43:50.

	28.	 Porter SR, Luker J, Scully C, Oakhill A. Oral features of a family with 
benign familial neutropenia. J Am Acad Dermatol. 1994;30:877-880.

	29.	 Hasturk H, Tezcan I, Yel L, et al. A case of chronic severe neutro-
penia: oral findings and consequences of short-term granulocyte 
colony-stimulating factor treatment. Aust Dent J. 1998;43:9-13.

	30.	 Deas DE, Mackey SA, McDonnell HT. Systemic disease and peri-
odontitis: manifestations of neutrophil dysfunction. Periodontol 
2000. 2003;32:82-104.

	31.	 Field EA, Brookes V, Tyldesley WR. Recurrent aphthous ulceration 
in children–a review. Int J Paediatr Dent. 1992;2:1-10.

	32.	 MeR R-C, Planells-del Pozo P, Rioboo-García R. Epidemiology of 
the most common oral mucosal diseases in children. Med Oral Patol 
Oral Cir Bucal. 2005;10:376-387.

	33.	 Natah SS, Häyrinen-Immonen R, Hietanen J, Malmström M, 
Konttinen YT. Immunolocalization of tumor necrosis factor-alpha 
expressing cells in recurrent aphthous ulcer lesions (RAU). J Oral 
Pathol Med. 2000;29:19-25.

	34.	 Sun A, Chu CT, Liu BY, Wang JT, Leu JS, Chiang CP. Expression 
of interleukin-2 receptor by activated peripheral blood lympho-
cytes upregulated by the plasma level of interleukin-2 in patients 

with recurrent aphthous ulcers. Proc Natl Sci Counc Repub China B. 
2000;24:116-122.

	35.	 Scapini P, Cassatella MA. Social networking of human neutrophils 
within the immune system. Blood. 2014;124:710-719.

	36.	 Hajishengallis G, Moutsopoulos NM, Hajishengallis E, Chavakis T. 
Immune and regulatory functions of neutrophils in inflammatory 
bone loss. Semin Immunol. 2016;28:146-158.

	37.	 Ainamo J, Parviainen K, Murtomaa H. Reliability of the CPITN in 
the epidemiological assessment of periodontal treatment needs at 
13–15 years of age. Int Dent J. 1984;34:214-218.

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

How to cite this article: Nibali L, Bayliss-Chapman J, Halai H, et 
al. Periodontal status in children with primary 
immunodeficiencies. J Periodont Res. 2021;56:819–827. 
https://doi.org/10.1111/jre.12880

 16000765, 2021, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jre.12880 by N

es, E
dinburgh C

entral O
ffice, W

iley O
nline L

ibrary on [02/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/jre.12880

