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ABSTRACT

Aim: This study aimed to evaluate the role of chronic and eosinophilic inflammation in the etiopathoge-
nesis of recurrent wheezing in preschool children and to explore the association between peripheral
blood-derived inflammatory indexes and the Modified Asthma Predictive Index (mAPI) in positive and
negative groups.

Methods: Children under six years old presenting with recurrent wheezing to pediatric immunology and
allergy clinics between September 2022 and September 2023 were included and had not yet started
asthma treatment. Demographic data such as gender, age, atopy history, smoking exposure, complete
blood count, total immunoglobulin E (IgE) levels, and aeroallergen sensitivity were assessed. The pa-
tients were grouped based on mAPI positivity and negativity.

Results: The mAPI-positive group exhibited significantly higher eosinophil count (p=0.004), eosinophil
percentage (p=0.035), eosinophil/lymphocyte ratio (ELR) (p=0.01), ENR (p=0.007), and EMR (p<0.001). A
moderate positive correlation was found between basophil and eosinophil counts (p=0.001, r=0.38).
Additionally, when children with eosinophilia were excluded, monocyte count and percentage were
significantly higher in the remaining mAPI-positive group compared to the mAPI-negative group (p=0.01,
p=0.005). The groups did not reveal statistical differences regarding hospitalization rates, oral corticos-
teroid use, or emergency visits.

Conclusions: Preschool children with recurrent wheezing and mAPI positivity demonstrated an eosinop-
hil-dominant inflammatory profile. Additionally, basophils may have a vital role in chronic inflammation
alongside eosinophils. Notably, increased monocyte levels in mAPI-positive children without eosinophilia
suggest that non-eosinophilic inflasmmatory mechanisms may also contribute to systemic inflam-
mation in this population. Larger cohort studies are required to search for asthma risk in this patient
population.

Keywords: Asthma predictive index, inflammation, monocytes, peripheral blood cells, preschool child-
ren, recurrent wheezing
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Amag: Mevcut galisma okul éncesi gocuklarda tekrarlayan higiltinin etiyopatogenezinde kronik ve eo-
zinofilik inflamasyonun roltnd belirlemek ve bu inflamatuvar parametrelerin Modifiye Astim Prediktif
indeksi (mAPI) pozitif ve negatif gruplar arasindaki iligkisini degerlendirmeyi hedefledi.

Gereg ve Yontemler: Calismaya, Eylal 2022 - Eyltl 2023 tarihleri arasinda gocuk immunoloji ve alerji polik-
liniklerine tekrarlayan higilti sikayeti ile bagvuran, alti yagindan kaguk, astim igin herhangi bir tedaviye yeni
baslayan hastalar dahil edildi. Hastalarin yas, cinsiyet, atopi 6ykusy, sigara maruziyeti gibi demografik
verileri ile tam kan sayimi, total IgE duzeyleri ve aeroalerjen duyarliigr analiz edildi. Hastalar, modifiye
astim prediktif indeksi pozitif ve negatif olmak Uzere iki gruba ayrildi.

Bulgular: mAPI pozitif grupta, eozinofil sayisi (p=0.004), eozinofil yuzdesi (p=0.034), eozinofil/lenfosit orani
(p=0.01), eozinofil/nétrofil orani (p=0.007) ve eozinofil/monosit orani (p<0.001) anlamii derecede ytksek
bulundu. Basofil sayisi ile eozinofil sayisi arasinda anlamli pozitif korelasyon saptandi (p=0.001, r=0.31).
Gruplar arasinda hastaneye yatis oranlari, oral kortikosteroid kullanimi ve acil basvurular agisindan
istatistiksel fark bulunmadi.

Sonuglar: Calismamizda, okul dncesi tekrarlayan hisiltili gocuklarda, mAPI pozitif grupta eozinofilik infla-
masyonu gosteren hematolojik parametrelerin belirgin sekilde yuksek oldugu tespit edildi. Ayrica, ba-
zofillerin de kronik inflamasyonda eozinofillerle birlikte rol oynayabilecedi gézlemlendi. Astim riski yUksek
olan bu hasta grubunda daha baytk gapli kohort galismalarina ihtiyag duyulmaktadir.

Anahtar Kelimeler: Astim prediktif indeksi, inflamasyon, okul éncesi cocuklar, tekrarlayan hisilti
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INTRODUCTION

Recurrent wheezing episodes are prevalent
among preschool-aged children, with
approximately one-third experiencing at
least one episode within their first three
years (1). Longitudinal studies have shown
that 30% of these children continue to exhibit
asthma symptoms by six years of age (2, 3).
Although asthma frequently emerges early
in life, the precise mechanisms leading to
persistent airway changes in susceptible
children remain poorly understood (4). The
Modified Asthma Predictive Index (mAPI),
developed from the Tucson Children’s
Respiratory Study cohort, identifies young
children at high risk for developing asthma
(5, 8). Children with a positive mAPI at
three years have a 77% likelihood of active
asthma by adolescence, compared to only
3% in those with a negative mAPI (6).

Despite the recognized utility of mAPI, the
role of eosinophilic airway inflammation
in  preschool wheezing and asthma
development is still debated. While most
preschool wheezers exhibit virus-induced,
non-atopic, and transient symptoms, a
subset characterized by mMAPI positivity
demonstrates an inflammatory profile
resembling that of established asthma
(7, 8). Nevertheless, discrepancies exist
regarding the extent of eosinophilic
inflasnmation and its prognostic relevance
in this population (9, 10). Hematological
parameters such as eosinophil counts, ELR,
ENR, EMR, and total immunoglobulin E (IgE)
levels have been proposed as accessible
biomarkers for identifying eosinophilic
asthma phenotypes in older children (11-15).
However, limited studies have evaluated
these indices, specifically in preschoolers
with recurrent wheezing.

This study primarily aims to evaluate the
association between peripheral blood
606

cell-derived inflammmatory indices and
MAPI positivity in preschool children with
recurrent wheezing. The secondary aims
were to assess the correlation between
basophil counts and eosinophilic markers
and to compare clinical parameters
such as hospitalization rates, emergency
admissions, and  corticosteroid  use
between mAPI-positive and mAPI-negative
groups. By clarifying the inflammatory
profiles in preschool children at risk of
asthma, this study seeks to contribute to
early identification strategies and highlight
potential targets for monitoring disease
progression.

MATERIALS and METHODS
Study Design

This multicenter study included patients
under six years old who presented with
recurrent wheezing to the Pediatric
Immunology and Allergy clinics at Dicle
University Hospital and Erzurum City Hospital
between September 2022 and September
2023 and who had not previously initiated
asthma therapy. Demographic  datg,
including gender, age, family history of
atopy, smoking exposure, complete blood
count, total IgE levels, and aeroallergen
sensitivities, were evaluated. Skin prick
tests were performed with solutions from
Lofarma®, Milan, Italy. Before the test,
antihistamines were discontinued 15 days
before, antidepressants were discontinued
1 week before, and medications containing
montelukast were discontinued 3 days
before. Histamine solution was used as
a positive control, and saline solution as
a negative control in the skin prick test
Allergen solutions were applied to the inner
surface of the forearm with a lancet. A
positive reaction was considered if edema
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of 3 mm or more was observed 15 minutes
after application of allergen solutions
compared with the negative control (16).

Inhaled allergens used in the skin
prick  test included house  dust
mites (Dermatophagoides farinae,

Dermatophagoides pteronyssinus), pollen
allergens (birch, rye, grass mix (orchard
grass, tussac grass, blue fescue, grass),
weed mix (cart-track, Xanthium strumarium,
weed)), cat epithelium, dog epithelium,
Alternaria  alternata, and  Aspergillus
fumigatus.

Recurrent wheezing was defined as 23
episodes of physician-diagnosed wheezing
within one year (17). Premature infants,
low birth weight infants, and patients with
chronic cardiac, neurological, or pulmonary
diseases (e.g, cystic fibrosis, ciliary
dyskinesia, bronchopulmonary dysplasia)
were excluded. Additionally, children with
active wheezing attacks during assessment
and those whose parents had active
smoking habits since birth were excluded.

The definition of mMAPI Children were
considered mAPI-positive if they had
23 wheezing episodes plus at least one
major  criterion  (physician-diagnosed
eczema, parental asthma, or aeroallergen
sensitization) or two minor criteria (food
allergen sensitization, wheezing unrelated
to infections, or peripheral eosinophilia 24%)
(5).

Statistical Analysis

Statistical analyses were performed using
SPSS version 18.0 (SPSS Inc, Chicago, 1L,
USA). Data distribution was assessed using
histograms, Kolmogorov-Smirnov, and
Shapiro-Wilk tests. Non-normally distributed
continuous variables were compared using
the Mann-Whitney U test, while normally
distributed variables were analyzed with the
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Student’s t-test. Categorical variables were
analyzed with the Chi-square test or Fisher’s
exact test when necessary. A p-value <0.05
was considered statistically significant.
Since peripheral eosinophilia is part of
the mMAPI definition, separate analyses
excluding eosinophil-related parameters
were also performed to prevent circular
reasoning and enhance methodological
robustness.

Ethical Consideration

The research received approval from the
Local Ethics Committee of Ataturk University
Faculty of Medicine with decision No.2023/27
dated January 26, 2023. The study adhered
entirely to the principles outlined in the
Declaration of Helsinki.

RESULTS

One hundred four preschool children with
recurrentwheezingwereenrolled,36 ofwhom
were mAPI-positive and 68 mAPI-negative.
The sociodemographic  characteristics
of the groups are summarized in Table 1.
No significant differences were observed
between groups regarding age (p=0.60)
and gender distribution (p=0.96). Smoking
exposure rates were also similar between
groups (p=0.48).

Table 1. Sociodemographic profiles of the study groups

mAPI posi- mAPI negative p
tive (n=68)
(n=36)
'(’r‘:‘t;i’t“h:fseb) 3194175 32.08+18.06 06
Gender
Male, n (%) 21 (58.3) 40 (58.8)
Female, n (%) 15 (417) 28 (412) 098

MAPI: Modified asthma predictive index, SD: Standard

deviation
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Table 2 summarizes the distribution of
MAPI criteria among patients who proved
positive.

The results of the aeroallergen skin prick
tests for mAPI-positive patients are
presented in Table 3. The total number
of sensitizations exceeds the number of
patients because some patients have more
than one aeroallergen sensitization.

Analysis of hematological parameters
demonstrated that eosinophil count,
eosinophil percentage, ELR, ENR, and EMR
were significantly higher in the mAPI-
positive group (all p<0.05) (Table 4).

Table 2. Distribution of modified asthma predictive index

criteria among positive patients

Criterion Positive Patients, n (%)
Parental Asthma 14 (37)
Physmlon—qlggnosed Ato- 12 (32)

pic Dermatitis

Aeroallergen Sensitization 13 (34)

Food Allergen Sensitization 17 (45)
Eosinophilia (24%) 16 (42)
Wheezing Unrelated to 19 (50)

Infections

Note: The total number of criteria exceeds the number of
patients because some patients simultaneously fulfilled

more than one major or minor criterion.

Table 3. Skin prick test results

Allergen type Sensitized Patients, n (%)

House Dust Mite 23 (22)
Grass pollen mixture nm)
Weed Pollen Mixture 6(6)
Tree Pollen Mixture 4(4)
Mold (Alternaria) 2(2)

Excluding mAPI
eosinophilia, a

positive children with
statistical analysis
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of  hematological  parameters  and
inflasnmatory indices revealed a significant
difference in monocyte count and
percentages between mAPI negative and
MAPI positive children without eosinophilia
(p=0.01; p=0.005). No statistically significant
differences were found between the groups
regarding white blood cell (WBC) count,
neutrophil counts, lymphocyte counts,
eosinophil count, eosinophil percentage,
platelet counts, or total IgE levels (p=0.6;
p=0.71, p=0.25 p=0.88, p=02I;, pP=0.59,
p=0.62).

A moderate positive correlation was found
between basophil counts and eosinophil
counts (r=0.38, p=0.001). Regarding clinical
outcomes, there were no significant
differences between groups in emergency
admissions during the previous six months
(p=0.44), hospitalization frequency (p=0.67),
or systemic corticosteroid use in the past
year (p=0.58) (Table 5).

DISCUSSION

In  this  cross-sectional  study,
evaluated hematological parameters and
inflammation-related indices in preschool
children with recurrent wheezing, grouped
according to MAPI status. Our findings
revealed that mAPI-positive children
exhibited significantly higher eosinophil
counts and eosinophil-derived ratios—
including ELR, ENR, and EMR—suggesting
a prominent eosinophilic inflammatory
profile in this subgroup. A moderate
positive correlation was observed between
eosinophil and basophil counts, highlighting
a potential cooperative role of these
granulocytes in early airway inflammation.
Also, we compared hematological
parameters, inflammatory indices, and total

we
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Table 4. Comparative analysis of complete blood parameters and total IgE levels across the groups

WBC count (x10°/L)
Neutrophil count (x10°/L)
Neutrophil percentage (%)
Lymphocyte count (x10°/L)
Lymphocyte percentage (%)
Monocyte count (x10°/L)
Monocyte percentage (%)
Eosinophil count (x10°/L)
Eosinophil percentage (%)
Platelet count (x10°/L)
Basophil count (x10°/L)
Basophil percentage (%)
MPV

NLR

ELR

Eosinophil/ neutrophil ratio
Eosinophil/ monocyte ratio
Platelet/ lymphocyte ratio

Total IgE levels (kU/L)

mMAPI positive
(n=36)

9815 (5700-22930)
3345 (1400-13680)
37.112.2
5160 (2500-11150)
51.4+12.7
675 (70-1360)
7.2 (35-1.9)
370 (10-1330)
3.6 (0.5-12.9)
400333.3+108340.9
40 (1.3-110)

0.4 (01-4)
9.2+0.7
0.68 (0.2-2.99)
0.06 (0-0.34)
0.11(0-0.31)
0.58 (0.02-5.3)
79.6 (25.7-201.6)
48.8 (0-1493)

mAPI negative
(n=68)

9415 (4160-19200)
3605 (1040-9290)
38.8+13.4
4510 (1430-10990)
49.8+13.3
715 (70-2890)
7.8 (3.4-187)
185 (0-1440)
2.4 (0-22.4)
401764.7£1194911
30 (0-10)

0.3 (0-11)
9.2+0.8
0.74 (0.2-2.99)
0.04 (0-0.39)
0.07 (0-0.44)
0.23 (0-5)
84.3 (42.4-2217)
44 (2-1874)

0.26**
0.80**
0.53*
0.2**
0.54*
0.18**
0.02**
0.004**
0.035**
0.96*
0.34**
0.12%**
0.81*
0.67**
0.01**
0.007**
<0.001**
0.32**
0.46%*

*Student’s t-test, ** Mann—-Whitney U test. Data are presented as mean + standard deviation or median (min-max).

ELR: Eosinophil/lymphocyte ratio, EMR: Eosinophil/monocyte ratio,

ENR: Eosinophil/neutrophil ratio, IgE: Immunoglobulin E, MPV: Mean platelet volume, NLR: Neutrophil/lymphocyte ratio,

PLR: Platelet/lymphocyte ratio, WBC: White blood cell

Table 5. Comparison of emergency admissions, hospitalization frequency, and use of OCS in the last year between

groups

Admissions to Emergency
in the last six months,
Median (min-max)

Number of Hospitalizations
over the past year, Median
(min-max)

Use of OCS in the last year,
Median (min-max)

MAPI: Modified asthma predictive index, OCS: Oral corticosteroid
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mAPI positive

(n=36)

2 (0-5)

2 (0-5)

7 (3-17)

mAPI negative
(n=68)

2 (0-15)

2 (0-5)

5.5 (0-15)

0.44

0.67

0.58
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IgE levels between children who were API-
positive but had peripheral blood eosinophil
percentages <4% and those who were
API-negative. While most hematological
and inflammatory parameters did not
differ significantly between the groups, we
observedastatistically significantdifference
in monocyte count and percentage.

The findings align with previous studies
indicating that eosinophilic inflammation
plays a significant role in asthma
pathophysiology (5, 18, 19). In particular,
Castro-Rodriguez et al. (20) found higher
eosinophil counts in preschool children
with positive mAPI scores, supporting our
observations. However, since eosinophilia
is a defining criterion for MAPI positivity,
these associations should be interpreted
cautiously, and causality cannot be inferred
from our cross-sectional data.

Interestingly, despite elevated eosinophil
parameters, no significant differences were
observed between groupsregarding clinical
outcomes such as emergency admissions,
hospitalization rates, or corticosteroid
use, consistent with previous findings (20)
(21) (21, 28). This may suggest that while
eosinophilic inflammation is a marker of
at-risk phenotypes, it does not necessarily
correlate with short-term clinical severity in
this age group.

The clinical significance of eosinophil-
derived in  preschool
remains a subject of ongoing investigation.
Although elevated eosinophil counts and
ratios were associated with mAPI positivity,
our study could not establish specific
predictive thresholds for future asthma
development. Additionally, it is noteworthy
that a subset of mAPI-negative children
exhibited high levels of eosinophilic

indices wheezers
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inflammation markers. These patients
may represent a distinct at-risk subgroup,
potentially progressing to asthma later in
childhood, underscoring the need for closer

longitudinal follow-up.

The moderate  positive  correlation
between basophil and eosinophil counts
further supports the idea that basophils
may contribute to early chronic airway
inflamsnmation (22). While basophil counts
alone were not significantly different
between groups, the observed correlation
highlights their potential role as synergistic
mediators alongside eosinophils. Literature
suggests that basophils can promote Th2-
type immune responses and enhance
eosinophil  activation, supporting their
involvement  in  early inflammation
processes (22). Contrary to earlier studies
linking elevated total IgE levels to asthma
risk (13, 23), no significant differences in
total IgE levels were found between the
groups. This may reflect the heterogeneity
of allergic sensitization profiles among
preschool wheezers. However, it should be
noted that other studies, such as Altas et al,
have demonstrated that elevated total IgE
and absolute eosinophil levels can serve
as significant predictors for allergy test
positivity, supporting their potential role as
early markers of atopic predisposition even
if not directly linked to asthma development
in every cohort (24).

The absence of eosinophilic inflammation,
monocyte-driven responses
may play a role in the pathogenesis of
asthma, aligning with hypotheses in the
current literature. Carr et al. reported that
non-eosinophilic asthma (NEA) may arise
through alternative immune pathways and

immune

that monocytes may be more prominent
in this Th2-low inflammatory phenotype
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(25). Similarly, Baraldo et al. demonstrated
that children with NEA exhibited airway
remodeling comparable to those with
eosinophilicasthma,supportingtheconcept
thatstructuralchangesmay developevenin
the absence of eosinophilic infiltration (26).
This finding suggests that non-eosinophilic
immune mechanisms, possibly associated
with recurrent viral respiratory infections,
may contribute to systemic inflammation
in some wheezy preschoolers. These results
support the view that preschool wheezing is
a phenotypically heterogeneous condition,
where eosinophilic and non-eosinophilic
inflammation may play a role.

However, given our study’s cross-sectional
nature, we could not assess long-term
clinical outcomes or determine whether
these children will eventually develop
asthma.

Future longitudinal studies are warranted
to evaluate the prognostic significance
of monocyte-associated inflammation in
predicting asthma development, especially
in children who do not exhibit classical
eosinophilic patterns.

Limitations

Several limitations must be acknowledged.
The study’s cross-sectional nature prevents
establishing causal relationships between
inflasnmatory  markers  and  asthma
development. Furthermore,  objective
assessments of airway function, such as
spirometry or FeNO measurements, could
not be performed due to the young age of
the participants. Future longitudinal studies
incorporating follow-up into school age are
necessary to determine the true predictive
value of these biomarkers.
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CONCLUSION

In  conclusion, MAPI-positive preschool
children with recurrent wheezing exhibited
significantly higher eosinophil counts and
eosinophil-related hematological indices.
However, since peripheral eosinophilia
is a defining component of MAPI, these
findings should be interpreted cautiously.
Importantly, when children with eosinophilia
were excluded, monocyte count and
percentage were significantly  higher
in the remaining MAPI-positive group,
compared to mMAPI-negative children.
Given that monocytes play a central role
in innate immune responses, this elevation
may reflect an increased burden of viral
respiratory infections, which are known
to contribute to recurrent wheezing in
early childhood. These findings suggest
that monocyte-associated inflammatory
activity may be present in wheezy
preschoolers independent of eosinophilic
pathways. Although the cross-sectional
nature of our study limits prognostic
interpretation, the observed hematological
differences may help refine phenotypic
classifications of preschool
and provide insight for future longitudinal
studies.

wheezers
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