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Allergic rhinitis (AR) is a very common medical condition in children.1 
Allergic inflammation is characterized by the activation of a com-
plex cellular network. Previous studies attempted to characterize AR 
based on immune-histological findings in the nasal mucosa.2 Nasal 
cytology (NC) is a very useful diagnostic tool for identifying and 
quantifying nasal inflammation.3  The complexity and variability of 
AR phenotypes are particularly evident in childhood,4  suggesting 
the need to analyze and identify new approaches to capture the 

clinical heterogeneity of AR. However, childhood AR has been not 
extensively evaluated in such innovative fashion.

Data-driven approaches such as latent class analysis (LCA) could 
offer an advantage for identifying latent class membership among 
participants with multivariate categorical data.5 Indeed, through 
LCA, subjects are assigned to classes based on their characteris-
tics, rather than being arbitrarily assigned by the researchers.6 We 
hypothesized that LCA based on NC, including the assessment of 
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Abstract
The diversity of allergic rhinitis (AR) phenotypes is particularly evident in childhood, 
suggesting the need to analyze and identify new approaches to capture such clinical 
heterogeneity. Nasal cytology (NC) is a very useful diagnostic tool for identifying and 
quantifying nasal inflammation. Data-driven approaches such as latent class analy-
sis (LCA) assign subjects to classes based on their characteristics. We hypothesized 
that LCA based on NC, including the assessment of neutrophils, eosinophils, and mast 
cells, may be helpful for identifying AR endotypes in children. A total of 168 children 
were enrolled. Sociodemographic characteristics and detailed medical history were 
obtained from their parents. All children performed NC and skin prick tests. LCA was 
applied for identifying AR endotypes based on NC, using the R package poLCA. All the 
statistical analyses were performed using R 4.0.5 software. Statistical significance was 
set at p ≤ .05. LCA identified two classes: Class 1 (n = 126, 75%): higher frequency of 
children with moderate/large number of neutrophils (31.45%); almost all the children 
in this class had no mast cells (91.27%) and Class 2 (n = 42, 25%): higher frequency 
of children with moderate/large number of eosinophils (45.24%) and moderate/large 
number of mast cells (50%). The present study used a machine learning approach for 
endotyping childhood AR, which may contribute to improve the diagnostic accuracy 
and to deliver personalized health care in the context of precision medicine.
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neutrophils, eosinophils, and mast cells, may be helpful for identify-
ing AR endotypes in children.

The inclusion criteria for this cross-sectional study were as fol-
lows: (1) age 6–14 years; (2) sensitization to inhalant allergens; and 
(3) clinical history of AR in the last 12 months, according to ARIA 
guidelines. The exclusion criteria were as follows: (1) asthma diag-
nosis; (2) upper or lower respiratory tract infections (having taken 
antibacterial therapy in the 4 weeks before the study entry); (3) use 
of leukotriene antagonists, systemic/topical antibiotics, or cortico-
steroids in the last 2 weeks; (4) ongoing allergen-specific immuno-
therapy; and (5) active smoking.

A total of 190 children (subjects without asthma enrolled in the 
CHASER study; identifier: NCT02433275) were assessed for eligibil-
ity at the outpatient clinic of the Institute for Biomedical Research 
and Innovation of the National Research Council of Palermo, and 168 
(88%; 21 children were excluded due to violation of entry criteria 

and 1 due to consent withdrawn) were enrolled. The study was ap-
proved by the local ethics committee and conducted in accordance 
with the Declaration of Helsinki and Good Clinical Practice guide-
lines. All participants/caregivers provided written informed consent.

Sociodemographic characteristics and detailed medical history 
(disease duration and severity, atopy, environmental exposures) 
were obtained from the parents of all the participants through 

Key Message

A machine learning approach applied to nasal cytology 
measurements could help to catch the heterogeneity of al-
lergic rhinitis in children, in order to deliver a tailored solu-
tion in the context of precision medicine.

F I G U R E  1  Allergic rhinitis classes identified by latent class analysis. The proportion of each variable in each class is represented through a 
color scale spanning from white (0%) to red (100%)
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medical interviews (GF, SLG, and VM). Information about self-
reported symptoms was collected through the Total 5 Symptom 
Score (T5SS), the Pittsburgh Sleep Quality Index (PSQI), and 
the Paediatric Rhinoconjunctivitis Quality of Life Questionnaire 
(PRQLQ). T5SS was used to assess symptom severity during the 
last week. It is based on 5  symptom domains: rhinorrhea, nasal 
obstruction, nasal itching, sneezing, and eye itching. Each symp-
tom is scored from 0 to 3, so that the total score ranges from 0 
(non-severe) to 15 (extremely severe). PSQI was used to measure 
sleep quality during the previous month. It includes 19 items, and 
the total score ranges from 0 (good sleeper) to 21 (poor sleeper). 
PRQLQ was used to assess the quality of life in the previous 
week. It includes 23 items and the total score scored ranges from 
0 (not troubled) to 6 (extremely troubled). The cytologic sampling 
consisted in the collection of surface cells scraped from the mid-
dle portion of the inferior turbinate. The cellular material was 
spread on a glass slide, fixed by air-drying, and then stained by 
the method of May-Grunwald-Giemsa. Slides were read using a 
common optical microscope, at 10,009 in oil immersion, equipped 
with a digital camera. The analysis of rhinocytograms involved 
the reading of not less than 50 fields. Neutrophils, eosinophils, 
and mast cells were graded as follows: 0, none; 1, occasional; 2, 

moderate number; and 3, large number.3 In children sensitized to 
seasonal aeroallergens, the sampling was performed outside the 
pollen season. Skin-prick tests (SPTs) were performed according 
to EAACI recommendations with a standard panel of inhalant 
allergens including a positive (histamine 1%) and a negative (sa-
line) control (ALK-Abellò, Milan, Italy). Allergic sensitization was 
defined upon a positive skin response after 15  min (ie, a wheal 
≥3 mm larger than the negative control test).

Data were presented as absolute and percentage frequencies 
(categorical variables), or mean and standard deviation (quantita-
tive variables). Categorical variables were compared using the chi-
squared test, and quantitative variables were compared using the 
Kruskal-Wallis test to avoid distributional assumptions. LCA was 
applied for identifying AR classes based on NC, using the R package 
poLCA. The Akaike information criterion (AIC) was used to determine 
the optimal number of classes (the smaller the better). All the sta-
tistical analyses were performed using R 4.0.5 software. Statistical 
significance was set at p ≤ .05.

LCA identified two classes (Figure  1): Class 1 (n  =  126, 75%): 
higher frequency of children with moderate/large number of neu-
trophils (31.45%); almost all the children in this class had no mast 
cells (91.27%) and Class 2 (n = 42, 25%): higher frequency of children 

Whole sample Class 1 Class 2

p-value
n = 168
(100%)

n = 126
(75%)

n = 42
(25%)

Gender: Female 53 (31.55) 41 (32.54) 12 (28.57) .774

Age, years 9.81 (2.35) 9.60 (2.34) 10.43 (2.28) .040

Height, cm 133.97 (16.31) 134.11 (16.48) 133.57 (15.97) .934

Weight, kg 35.54 (14.84) 35.64 (14.78) 35.24 (15.20) .776

Disease duration, years 4.73 (2.93) 4.53 (2.83) 5.27 (3.18) .276

ARIA, Persistent 93 (55.36) 72 (57.14) 21 (50.00) .272

Current pet exposure 38 (22.75) 25 (20.00) 13 (30.95) .211

Current smoke exposure 55 (33.13) 40 (32.26) 15 (35.71) .825

Current mold exposure 35 (20.96) 26 (20.80) 9 (21.43) 1.00

Sensitizations

Indoora  126 (82.35) 93 (81.58) 33 (84.62) .852

Outdoorb  113 (76.35) 80 (72.07) 33 (89.19) .058

Indoor + Outdoor 92 (62.16) 64 (57.66) 28 (75.68) .078

Number of sensitizations 9.28 (1.41) 9.14 (1.40) 9.66 (1.36) .027

T5SS total score 8.39 (3.14) 8.68 (3.07) 7.45 (3.22) .050

Nasal itching 2.56 (1.03) 2.60 (1.00) 2.42 (1.12) .398

Ocular itching 2.27 (1.07) 2.31 (1.10) 2.13 (0.99) .404

Rhinorrhea 2.57 (1.08) 2.64 (1.06) 2.35 (1.11) .201

Sneezing 3.02 (0.93) 3.05 (0.95) 2.90 (0.87) .447

Nasal obstruction 2.99 (1.01) 3.10 (0.92) 2.65 (1.23) .028

PRQLQ total score 2.87 (1.25) 2.88 (1.26) 2.84 (1.25) .890

PSQI total score 5.88 (2.38) 5.97 (2.52) 5.57 (1.81) .416

aPositive to at least one among Cat dander, Dog dander, Alternaria, and dermatophagoides.
bPositive to at least one among Grass mix, Olea, Parietaria, Artemisia, and Cupressus.

TA B L E  1  Demographic and clinical 
characteristics of children by LCA class
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with moderate/large number of eosinophils (45.24%) and moderate/
large number of mast cells (50%). Children in Class 1 reported higher 
scores of nasal obstruction and T5SS (Table 1). Children in Class 2 
were older and had higher number of positive SPTs than children 
in Class 1. Detailed information on sensitization type, PRQLQ, and 
PSQI domains are reported in Table  S1. Within classes, no differ-
ences in NC distribution were found for AR duration and severity 
according to ARIA classification (Table S2).

Compared to children in Class 2, those in Class 1 showed a higher 
frequency of neutrophils in the nasal mucosa, suggesting a condi-
tion of minimal persistent inflammation. Moreover, they reported 
higher score of nasal obstruction. In line with our findings, Ciprandi 
et al. also found that neutrophil infiltration in the nasal mucosa of 
adult subjects with AR is strongly associated with mild to moder-
ate nasal obstruction when compared to no obstruction.7 However, 
no association between neutrophil infiltration and AR duration and 
severity according to ARIA was found, in agreement with a previ-
ous finding on adults with AR.8 Children in Class 2  showed more 
frequently moderate/large number of eosinophils and mast cells in 
the nasal mucosa. Furthermore, they showed a higher number of 
positive SPTs, regardless of type (indoor vs outdoor) of sensitization, 
and were older than children in Class 1. These findings are in line 
with previous data reporting that percentages of eosinophils and 
mast cells in the nasal mucosa increase with age9 as well as that the 
point prevalence of aeroallergen sensitization increases significantly 
during childhood.10 The finding of a higher number of mast cells in 
this class is not surprising, given the concomitant high infiltration of 
eosinophils in the nasal mucosa.

The strength of the current study was the identification of 
data-driven AR endotypes and investigation of the associated 
cytologic patterns. Nonetheless, we recognize some limitations. 
First, we did not test peripheral specific IgE; however, comparable 
levels of eosinophil inflammation in the airways have been previ-
ously reported in patients with AR. Moreover, we analyzed our 
children at a one-time point; therefore variability of the cytologic 
endotypes over time may limit the current findings. Further lon-
gitudinal studies are required for evaluating the stability of our 
results over time.

In conclusion, this study used a machine learning approach for 
endotyping childhood AR, which may contribute to improve the di-
agnostic accuracy and to deliver personalized health care in the con-
text of precision medicine.
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