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Abstract. Background and aim: Recurrent wheezing is often triggered by viral respiratory infections. The
aims of our study were: i) to evaluate whether the addition of a nutraceutical (Leucodif®), could improve the
efficacy of montelukast or inhaled steroids (ICS) compared to the single treatment; ii) to verify whether a
treatment is more effective than another. Our study was biased by the COVID-19 pandemic, which resulted
in a lockdown of almost two months in Italy. Methods: The multicenter, open-label study enrolled 84 children
aged 2-6 years diagnosed with recurrent wheezing and randomized them into four treatment arms for three
months: ICS treatment; ii) montelukast; iii) montelukast + Leucodif; iv) ICS + Leucodif. Children were as-
sessed at baseline and after one, two, and three months of treatment using the TRACK score for both the
caregiver and the physician. Resu/ts: Out of the 84 patients, 18 patients received ICS therapy, 22 patients ICS
+ Leucodif, 24 patients montelukast, and 20 patients montelukast + Leucodif. All four treatments resulted
in a significant reduction in symptoms with no differences among the various groups. Conclusions: Our study
demonstrates that montelukast therapy appears to be equally effective as ICS therapy and that the addition
of the nutraceutical Leucodif does not appear to improve the treatment outcome. However, in our opinion
our study was strongly influenced and biased by the lockdown due to the COVID-19 pandemic, which in-
herently resulted in reduced exposure to the viruses that commonly cause respiratory infections in children.
(www.actabiomedica.it)

Key words: wheezing, children, montelukast, inhaled steroid, leucodif, covid-19, SARS-CoV2, clinical trial

Introduction

The presence of wheezing in preschool children
is a very frequent phenomenon with which a pediatri-
cian is very often confronted in clinical practice. Epi-
demiological studies show that about 30% of children
experience at least one episode of wheezing within the
first three years of life and by the age of six, the cu-
mulative prevalence of wheezing reaches almost 50%

[1, 2]. Most episodes are triggered by viral infections
as confirmed by studies on nasal washing, which have
identified a viral agent in 80% to 90% of exacerbations
in preschool age [3, 4]. Despite the high prevalence
of wheezing, a minimal amount of evidence about
the natural history and pharmacological treatment of
wheezing in preschool children exists. Clinical hetero-
geneity, which reflects a multifactorial etiopathogen-
esis, is the main characteristic of this condition, thus
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requiring the use of two classifications based on differ-
ent phenotypes:

A symptom-based classification, which distin-
guishes between episodic viral wheeze (EVW),
which includes all forms of wheezing secondary
to viral infections of the upper airways and is
characterized by a state of well-being between
each infectious episode and multiple-trigger
wheeze (MTW) characterized by more fre-
quent episodes of wheezing that is triggered
by numerous factors (viral infections, exercise,
exposure to environmental pollutants) [5].

* A classification based on the evolution of the
symptoms through time, which distinguishes
between transient (symptoms that end before
three years of age), persistent (symptoms that
begin before three years of age and continue be-
yond six years), and late-onset (symptoms that
begin after three years of age) wheezing [1].

Based on the present evidence, the European
Respiratory Society (ERS) Task Force recommends
the use of the inhaled steroid (ICS) in patients with
MTW and montelukast in those with EVW [5]. How-
ever, it has been shown that wheezing phenotypes can
vary over time and therefore the same child in 50% of
cases can experience a change in wheezing character-
istics [6,7]. Accordingly, although these classifications
have been created for practical purposes, they are in
reality impractical, and the latest Global Initiative for
Asthma (GINA) guidelines (2020) do not recognize
their use in patient management [8].

In light of these considerations, the same guide-
lines recommend use of low doses of ICS as the first
choice in the treatment of the child with frequent epi-
sodes of wheezing (three or more episodes in a season)
to be continued for at least three months regardless of
the phenotype [8,9]. Montelukast is less effective than
ICS but does represent a valid alternative in patients
in whom compliance with inhalation therapy is not
adequate [10-13]

Respiratory infections are very common in chil-
dren and can be the cause of wheezing episodes in
predisposed individuals. In this sense, some nutra-
ceuticals are attributed a preventive role against res-
piratory infections [14-19]. Among these, Leucodif®

(Konpharma, Rome, Italy) is a nutraceutical based on
vitamin C, vitamin E, zinc, vitamin D3, Echinacea,
beta-glucan, and blood orange extract and originated
as a product for stimulating the immune system against
viruses and bacteria. This product can be prescribed
from two years of age onward according to a scheme
that provides for the administration of one capsule a
day for 14 days a month for three months. Considering
that the event that triggers the wheezing episode in
most cases is an infectious event, the aim of this study
was to evaluate whether the addition of the Leucodif®
nutraceutical to therapy with montelukast or ICS in
patients with recurrent wheezing may result in an out-
come gain over montelukast or ICS alone. Moreover,
we further compared the various groups to establish
whether a treatment is more effective than another.
Our clinical trial has had to address with the
difficulties related to the COVID-19 pandemic and
with the lockdown that ensued in Italy for almost two
months [20-22]. This lockdown has led to an obliga-
tory closure of the children at home with consequent
repercussions on their health and a reduction in the in-
cidence of respiratory infections [23]. This study will
therefore be an opportunity to discuss the criticalities of

clinical trials during the COVID-19 pandemic [24,25].

Materials and Methods

Study design

This trial was a multicenter, open-label, rand-
omized controlled study involving children who met
two inclusion criteria: (1) age between 2 and 6 years old
and (2) diagnosis of recurrent wheezing (> 3 episodes
in one season) [5]. To make the population homogene-
ous, the following exclusion criteria were applied: (1)
concomitant chronic disease (syndromes or immuno-
deficiencies), (2) preterm births (< 37 weeks), and/or
(3) use of steroids, immunostimulants, or antileukot-
rienes during the previous two weeks prior to the study.

Enrolled patients were randomized into four
arms of the study based on a computerized procedure
(REDcap web application): (1) ICS treatment (be-
clomethasone diproprionate 100 mcg x 2 given via
a spacer device), (2) montelukast (4 or 5 mg/day ac-
cording to child’s age),(3) montelukast + Leucodif®
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(one capsule per day for 14 days per month for three
months), and (4) ICS + Leucodif.

At time 0 (T0), a clinical check of the child was
expected with the administration of the test for res-
piratory and asthma control in kids (TRACK). The
first part was completed by the caregiver and included
a 33-item questionnaire divided into five sections, in-
cluding questions about the frequency of respiratory
symptoms (wheeze, cough, shortness of breath), activ-
ity limitation, and nighttime awakenings over the past
four weeks, rescue medication use in the past three
months, and oral corticosteroid use during the pre-
vious year. The second part of the questionnaire was
completed by the physician and included five ques-
tions about respiratory symptoms and need for sup-
plementary drugs [26].

This questionnaire was repeated by telephone
interview at T1 and T2 after the start of treatment
(only questions from 1-26 for parents) and therefore
during the outpatient clinical check at the end of T3,
questions from 1 to 30 were asked. The outcomes of
the study were represented by the score of respiratory
symptoms from the four analyzed arms. Physical ex-
amination of each child was performed by a pediatri-
cian at the beginning and end of the study.

The study was conducted in Italy at the Pediatric
Pulmonology Unit of Catania Policlinic, Pediatric Unit
of University of Campania “Luigi Vanvitelli” in Naples,
Pediatric Unit of Messina Policlinic, Pediatric Clinic of
Pavia Policlinic, from January 2020 to May 2020.

Demographic data and other clinical characteris-
tics of the study subjects were collected through ques-
tionnaires and extrapolated from medical records.

Ethical considerations

The study was explained in detail to the parents/
guardians of the children who participated in the study
and informed consent was acquired from each parent/
guardian. The ethics committee of University Catania

(Italy) approved the study.
Data analysis
Collected data were statistically analyzed by the

GraphPad software (version 8.1.2). A p value <0.05

was considered to be statistically significant. Data

were studied for normality and according to the re-
sults, statistical analysis was performed using analysis
of variance (ANOVA). Application of Tukey’s multi-
ple comparisons test for normally distributed data and
Friedman’s test followed by the application of Dunn’s
multiple comparisons test for not normally distributed
data were applied.

Results

Eight-four patients (males/females = 42/42) with
a mean age of 3.48 + 1.8 years were enrolled. Eighty-
two out of 84 completed the study protocol. Two
patients did not complete the protocol study due to
adverse effects (n = 1 patient in the montelukast arm
for hyperactivity) and allergic reaction (n = 1 patient in
the arm ICS+Leucodif with generalized pruritus and
urticaria). Demographic and clinical characteristics of
the enrolled population are shown in Table 1.

Out of the 84 patients, 18 patients received ICS
therapy, 22 patients ICS + Leucodif, 24 patients mon-
telukast, and 20 patients montelukast + Leucodif.
Therapeutic regimens of all four groups lasted for three
months.

LEffectiveness of treatments

The temporal evolution of the scores is summa-
rized in Table 2.

It can be observed that for all four treatments, a
statistically significant reduction in the scores of both
the caregiver and the physician occurred.

As for the ICS alone, the post hoc analysis with
Dunn’s multiple comparison test showed that statistical
significance was reached already after the first month

Table 1. Overview of patients.

n.
Enrolled children 84
Males/Females 42/42
Mean age (y/o) + standard deviation 348+1.8
Children on ICS treatment 18
Children on ICS + Leucodif 24
Children on montelukast 24
Children on montelukast + Leucodif 20
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Table 2. Test for respiratory and asthma control in kids (TRACK) score in the various arms, at baseline (T0) and after 1 (T'1), 2 (T2)

and 3 (T3) months of treatment.

TO T1 | T2 | T3 p-value
I1CS
Caregiver Score 114.22 + 23.04 52.33 + 14.26 48.33 +22.25 42.55 + 24.51 <0.01
Physician Score 11.22 = 3.34 6.55+1.13 6.77 £ 2.77 4.88 +2.1 <0.01
ICS + Leucodif
Caregiver Score 110.63 + 17.68 42.18 + 27.58 47 +26.72 53.36 + 29.04 <0.01
Physician Score 11 +2.66 5.81+4.26 6.81+3.51 6.18 £ 3.42 <0.01
Montelukast
Caregiver Score 108.58 + 26 59.58 +20.47 65.66 + 24.66 53.16 + 26.68 <0.01
Physician Score 11.08 + 2.06 7.25 +3.00 8.66 +3.25 6.83 +2.85 <0.05
Montelukast + Leucodif
Caregiver Score 102.2 £ 16.38 54.6 + 27.06 50.4 +34.78 48.2 +30.87 <0.01
Physician Score 11.2 £ 1.61 6.6 +3.16 5.6 +3.65 5.7+3.83 <0.01
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ences in caregiver and the physician scores were noted.
Figures 1 and 2.

In other words, no treatment seems to be more ef-
fective than any other, and they are all equally effective
in reducing symptoms.

Safety data

A total of two patients dropped out of the study
due to the appearance of adverse effects. One pa-
tient in the montelukast arm, suffering from autism

Figure 1. Caregiver test results for respiratory and
asthma control in kids (TRACK) score in the four
treatment arms expressed as a percentage differ-
ence between the initial and final values.

spectrum disorder, had an accentuation of the state
of hyperactivity, and the other patient, in the ICS +
Leucodif arm, had an allergic reaction characterized
by generalized itching and urticaria, which spontane-
ously regressed.
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Figure 2. Physician test results for TRACK scores in the four
treatment arms expressed as a percentage difference between
the initial and final values.

Discussion

Our study showed that all the children undergoing
the various treatments improved from a clinical point
of view as demonstrated by the reduction of caregiver
and physician scores. Our goal was to demonstrate that
the addition of a nutraceutical (based on vitamin C,
vitamin E, zinc, vitamin D3, Echinacea, beta-glucan,
and blood orange extract) would allow reduction of the
incidence of respiratory infections, resulting in a thera-
peutic gain in children in treatment with montelukast
or ICS. However, this randomized study demonstrated
that in all four treatment arms, the children’s symp-
toms improved and no advantage of adding nutraceuti-
cal over conventional therapy was found.

The study lends itself to some considerations. The
first is that this study was strongly influenced by the
lockdown due to the COVID-19 pandemic. In fact, on
March 11, 2020, the Italian government issued a decree
that provided for the suspension of common retail com-
mercial and educational activities and catering services
and prohibited gatherings of people in public places
or places open to the public [27]. That decree resulted

in a reduced exposure to viral agents due to school
closures, which certainly represent the area in which
young patients, living in the community, would have
been more exposed to respiratory diseases. This finding
is confirmed by several studies, the last of which was
conducted on 12 typical infections in children, some
of which have been virtually eliminated. The study was
conducted with over 375,000 children who arrived in
one of the 80 clinics connected with Boston Children’s
Hospital. Cases of 12 infections, otitis media, bron-
chiolitis, colds, laryngotracheobronchitis, gastroen-
teritis, influenza, streptococcal and non-streptococcal
pharyngitis, pneumonia, sinusitis, and skin and urinary
tract infections were evaluated in early 2019 and 2020.
As a result of social distancing measures, all patholo-
gies showed a decline. The greatest decrease was seen
in the respiratory diseases: (1) influenza (99.5%), (2)
laryngotracheobronchitis (96.5%), and (3) bronchi-
olitis (92.9%), all of which essentially disappeared.
Nevertheless, the study was continued and the clinical
follow-up was maintained through a very complex and
well-articulated telephone questionnaire [23].

It is obvious that to confirm these findings, a pla-
cebo group would have been needed to understand
whether isolation and social distancing would be suf-
ficient measures to reduce the incidence of respiratory
symptoms in children with recurrent wheezing. How-
ever, when we designed the study, we never thought
we would face this type of pandemic and therefore it
seemed unethical to withhold treatment from any pa-
tient. However, it could be speculated that the preven-
tive effects of the nutraceutical were nullified by the
lockdown that mitigated exposure to the viruses.

The second important point from this study is the
revival of montelukast that regardless of the addition
of the nutraceutical Leucodif seems to have an efficacy
comparable to that of ICS. Montelukast is a leukot-
riene receptor antagonist drug (LTRA). It is known
that the production of cysteinyl-leukotrienes increases
during asthma, and a further increase is observed dur-
ing exacerbations, whether they are secondary to al-
lergens or induced by exercise [28]. Leukotrienes have
a strong pro-inflammatory activity and are capable
of inducing recruitment, activation, and migration of
neutrophils, eosinophils, and monocytes. Furthermore,
leukotrienes stimulate the production of interleukins
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by T lymphocytes and monocytes, leading to an in-
crease in microvascular permeability and hyperproduc-
tion of mucous secretions [29]. Cysteinyl-leukotrienes,
on the other hand, act on the smooth muscle cells of
the airways and exhibit far more constrictive activity
than that of methacholine and histamine. These agents
are also responsible for the hypersecretion of mucus
and the increase in vascular permeability in the airways
in addition to the reduction of ciliary mucus clearance,
all phenomena typically present in the airways during
asthma [30]. LTRAs perform their action by binding
to the leukotriene D4 receptor. The binding of the an-
tagonists does not evoke any response but mechani-
cally prevents physiological ligands from interacting
with them [31, 32].

For years, montelukast has been used in the treat-
ment of episodic viral wheezing, but the most recent
literature has reported a reduction in its use both be-
cause administration would seem associated with a
higher incidence of side effects [33,34] and because
their eflicacy, regardless of the wheezing phenotype,
is considered lower than ICS [35]. This reduction may
also be due to the fact that there are polymorphisms in
the montelukast response pathway that would affect its
effectiveness in some patients [36].

For all of these reasons, montelukast use has
been downgraded to second or third choice in case of
ICS therapy failure or non-compliance with inhala-
tion therapy [8]. However, our study would appear to
revive montelukast as its effectiveness appears to be
comparable to that of ICS.

The third point to develop concerns the use of
nutraceuticals for the prevention of infections. In the
pediatric population one of the most frequent diseases
is constituted by recurrent respiratory tract infections,
which can often be resolved only with the adminis-
tration of repeated courses of antibiotic therapy [37].
In light of these considerations in recent years, various
supportive treatments have been proposed, including
nutraceuticals, which can somehow provide an im-
provement both in clinical terms and in terms of qual-
ity of life [38]. Nieman and Sener report good results
relating to the use of beta-glucan in upper airway in-
fections [39,40]. Beta-glucan, an element found on the
walls of yeast cells and in fungi, seems to be character-
ized by an immunomodulatory process resulting from

an intrinsic and marked antioxidant action and a close
link with receptors that are found on the surfaces of
macrophages, granulocytes, natural killer (NK) cells,
and leukocytes [39,40]. In the specific case of the nu-
traceutical Leucodif, in addition to beta-glucan, other
substances, which have been attributed immunomodu-
lating properties, such as vitamins C, D, E and zinc,
have also been added [18, 41-43]. We have not been
able to demonstrate that Leucodif facilitates an im-
provement in episodic viral wheezing, but its use in
prevention of recurrent respiratory infections in the
child remains rational.

Conclusions

In conclusion, the reading of our study can be
two-fold. In the first instance, it could be argued that
our study demonstrates how the lockdown due to the
coronavirus pandemic may have influenced not only
our clinical study but many other major clinical tri-
als, often invalidating the results. Alternatively, tak-
ing the results for granted, it could be argued that the
addition of the nutraceutical Leucodif does not seem
to modify the natural history of recurrent wheezing
and that the effectiveness of montelukast would seem
comparable to that of ICS. However, further trial is
needed to confirm these result and retest the role of
the neutraceutical.
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