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1  |  INTRODUC TION

Allergic rhinitis (AR) is one of the most common allergic diseases, 
and its prevalence is continuously increasing in Western countries.1 

Common AR symptoms are nasal obstruction, itching, and rhinor-
rhea, often associated with asthma for the continuity between upper 
and lower airways.2 The objective evaluation of the degree of nasal 
obstruction is possible through the anterior active rhinomanometry 

Received: 14 June 2021  | Revised: 17 July 2021  | Accepted: 06 August 2021

DOI: 10.1111/pai.13621  

S U P P L E M E N T  A R T I C L E

Allergic rhinitis, microbiota and passive smoke in children: 
A pilot study

Giulia Brindisi1  |   Massimiliano Marazzato2 |   Francesca Brunetti2 |    
Giovanna De Castro1 |   Lorenzo Loffredo3  |   Roberto Carnevale4,5  |    
Bianca Cinicola1 |   Anna Teresa Palamara6  |   Maria Pia Conte2 |   Anna Maria Zicari1

 © 2022 The Authors. Pediatric Allergy and Immunology published by European Academy of Allergy and Clinical Immunology and John Wiley & Sons Ltd.

Giulia Brindisi and Massimiliano Marazzato contributed equally to this work as first name. Maria Pia Conte and Anna Maria Zicari contributed equally to this work as the last name. 

1Department of Maternal Infantile and 
Urological Sciences, Division of Pediatric 
Allergology and Immunology, Sapienza 
University of Rome, Rome, Italy
2Department of Public Health and 
Infectious Diseases, Microbiology Section, 
"Sapienza" University of Rome, Rome, Italy
3Department of Clinical Internal, 
Anesthesiologic, and Cardiovascular 
Sciences, Sapienza University of Rome, 
Rome, Italy
4Department of Medical- Surgical Sciences 
and Biotechnologies, Sapienza University 
of Rome, Latina, Italy
5Mediterranea Cardiocentro, Napoli, Italy
6Department of Public Health and 
Infectious Diseases, "Sapienza" University 
of Rome, Laboratory Affiliated to 
Istituto Pasteur Italia -  Fondazione Cenci 
Bolognetti, San Raffaele Pisana, IRCCS, 
Rome, Italy

Correspondence
Anna Maria Zicari, Department of 
Maternal Infantile and Urological Sciences, 
Division of Pediatric Allergology and 
Immunology, Sapienza University of Rome, 
Viale Regina Elena 324, Rome 00161, Italy.
Email: annamaria.zicari@uniroma1.it

Editor: Amelia Licari

Abstract
Allergic rhinitis (AR) is one of the most common allergic diseases affecting children. 
Objective assessment of nasal obstruction is possible through active anterior rhi-
nomanometry (AAR). Several factors, such as passive smoke exposure (PSE), are trig-
gers for worsening nasal obstruction and chronic inflammation. PSE affects bacterial 
eubiosis in the upper respiratory tract. This study evaluates the influence of PSE and 
cotinine levels on both nasal obstruction and local microbiome composition in chil-
dren with AR. Fifty patients (aged between 6 and 16 years) with AR monosensitized 
grass pollen were enrolled. They underwent skin prick tests, a nasal swab to evaluate 
the microbial composition of the anterior nostrils, a basal AAR, a post- decongestion 
AAR, and spirometry. Serum cotinine levels were assessed to evaluate PSE. A signifi-
cantly lower percentage of mean nasal flow (mNF%) was observed before and after 
hydrazine administration in subjects exposed to passive smoke (Exp group) compared 
with the non- exposed group. In contrast, higher cotinine levels were observed in the 
Exp group than in the controls. PSE has been associated with a decrease in biodiver-
sity and a change in the nasal microbiome composition; instead, although to a differ-
ent extent, the abundance of specific taxa resulted in being correlated to cotinine 
levels and nasal flow. Children with AR exposed to passive smoke with positive serum 
cotinine could represent a risk factor for developing nasal obstruction and microbial 
dysbiosis, suggesting their possible role in pathophysiological processes.
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(AAR), a reliable and reproducible valuable method in pediatric age 
where nasal symptoms are often overestimated when subjectively 
assessed using questionnaires.3

Various infectious and environmental factors, such as passive 
smoke exposure (PSE), are triggers for worsening nasal obstruction 
and chronic inflammation in AR, constituting risk factors for upper 
airway diseases.4

Nevertheless, pediatric PSE is continuously increasing, reaching 
up to 40% of children. To date, few studies have reported in children 
the relationship between PSE and AR with conflicting results and 
without reaching a unique understanding of this relation.5,6

It is widely recognized that both active smoking and passive 
smoking alter the microbiome affecting upper respiratory bacterial 
richness, with implications for smoking- related diseases.6

However, no studies have explored the impact of PSE and the 
related serum cotinine levels on both nasal obstruction and local mi-
crobiome composition in children with AR. To achieve this aim, in 
children suffering from AR, the role of these parameters was investi-
gated. Furthermore, the influence of PSE and cotinine levels on nasal 
microbial composition was also evaluated.

2  |  MATERIAL S AND METHODS

Materials and methods are available as supplementary material in 
the online repository.

3  |  RESULTS

A total of 50 patients (median (IQR) 9.1(7.2– 9.9) years) were enrolled. 
Of these, 25 reported a PSE and entered the exposed group (Exp), 
while 25 negatives for this feature entered the non- exposed group 
(NExp) and were taken as controls. No statistically significant dif-
ferences were found between groups considering age, sex, and 
FEV1 (Table 1). A significantly lower mean nasal flow percentage 
(mNF%) was observed before and after hydrazine administration in 
Exp comparing the control group. Conversely, higher cotinine levels 
were observed in the Exp group compared with controls (Table 1). 
All 50 samples underwent 16s rRNA gene- based microbiota analysis 
and were eligible for following downstream bioinformatics analysis. 
From a total of 2.286.119 sequences passing the filtering bioinfor-
matic processes (median (IQR)), 45587.5(34164.5– 56388.5), 391 
OTUs were identified.

Significantly, lower values of the Simpson index have been de-
termined for the group of children exposed to secondhand smoke 
compared with the control group. Interestingly, we observed that 
patients exposed to secondhand smoke tended to show simulta-
neously lower biodiversity values and a wider variability as de-
termined by the more comprehensive interquartile range (IQR) 
in Figure 1B. Regarding β- diversity, the Principal Coordinates 
Analysis (PCoA) in Figure 1C,D determined statistically significant 

separations for Bray- Curtis's dissimilarity and weighted UniFrac 
distance between the two phenotypes (Bray- Curtis, p = .001; 
weighted UniFrac, p = .001).

A general positive correlation was observed between the co-
tinine levels and those taxa significantly more abundant in the Exp 
group; however, significant results were obtained only for S. epider-
midis and S. quinivorans. On the other hand, a significant negative 
correlation was found between serum cotinine levels and M. non-
liquefacients. The opposite scenario could be observed between the 
mNF% and the relative abundance of taxa, although the only statis-
tically significant result was the positive correlation with M. nonliq-
uefaciens (Figure 1E).

4  |  DISCUSSION

Nasal obstruction is one of the most common and troublesome 
symptoms in children with AR evaluated both subjectively by ques-
tionnaires and objectively by AAR; this symptom is due to the pres-
ence of a persistent minimal chronic inflammation of nasal mucosa 
where environmental triggers, such as passive smoke, increase local 
inflammation worsening the obstruction itself. Serum cotinine is one 
of the major nicotine metabolites detected in the blood and repre-
sents a specific indicator of PSE.4

Conflicting results emerge from the scientific literature re-
garding the relationship between PSE and AR. Shargorodsky et al., 
in a broad pediatric cohort, found a significantly high prevalence 
of AR symptoms in children with PSE independently from their 
sensitization, proving the need for PSE reduction among children.5 
Also, the systematic review and meta- analysis conducted by 
Saulyte et al. examined the association between PSE and allergic 
conditions, founding an association between PSE and an increased 
risk for allergic diseases.6 Additionally, Montano- Velazquez et al. 
objectively evaluated nasal obstruction performing a basal AAR 
in AR patients with and without PSE. The authors found that pa-
tients with PSE, evaluated through urine cotinine concentration 
(cotinine ⁄creatinine ratio), presented an increased nasal resistance 
compared with those not exposed to passive smoke.7 Conversely, 
Fenton et al. reported that although nasal symptoms were signifi-
cantly worse in children with AR, passive smoke enhanced nasal 
obstruction mostly in children without AR. However, these results 
were not objectively assessed through an AAR but using only a 
visual analog scale.4

Key Message

Children with allergic rhinitis exposed to passive smoke 
with positive serum cotinine increase their nasal obstruc-
tion with a reduced mean nasal flow also associated with a 
modification in their nasal microbiome.
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Our results show that children with AR and positivity for serum 
cotinine related to PSE presented nasal obstruction objectively 
assessed through AAR regarding those not exposed. There were 

statistically significant differences in mNF values between the 
EXP and not EXP group, evaluated both with a basal and a post- 
decongestion AAR. When a post- decongestion AAR was performed, 

F I G U R E  1  Bioinformatic analysis of 16S metagenomic reads. A, Color- coded rarefaction curves. For each group, the average values of 
α- diversity indexes with 95% confidence intervals were reported at different sequencing depths. B, Box plots showing the Simpson index 
α- diversity estimator, measured for each group. C,D, PCoA plot of bacterial β- diversity based on Bray- Curtis dissimilarity and weighted 
UniFrac distance according to exposure to secondhand smoke. For each group, the 95% confidence interval has been drawn. Numbers 
between parentheses represent the percentage of the total variance explained by the principal coordinates. Values are expressed as mean 
±SD. E, Cross- correlation heatmaps based on Spearman's correlation coefficients computed between the relative abundance of taxa ≥0.05% 
in at least one group and the values observed for mNF% and cotinine across the whole population of studied subjects. The color scale 
represents values assumed by Spearman's correlation coefficient (ρ) with green and red for positive and negative correlations. According to 
hierarchical simple- linkage clustering, taxa were ordered based on Spearman's coefficients computed on relative abundances (dendrogram 
on the left). A white asterisk indicates a significant correlation at α level 0.05 after FDR correction for multiple comparisons 

Variables
Not exposed
No. 25

Exposed
No. 25 p- value

Age 9.3 (7.5– 9.6) 9.1 (7.2– 9.9) .946

Sex (male) 17 (68%) 12 (48%) .252

FEV1 99 (90– 103) 99 (90– 100) .923

mNF (%) pre- hydrazine 79 (73– 89) 67 (58– 69) <.0001

mNF (%) post- hydrazine 91 (79– 99) 70 (68– 72) <.0001

Cotinine 2.4 (1.8– 3.2) 23.2 (19.5– 27.5) <.0001

Note: Continuous variables are expressed as median and interquartile range (IQR), while discrete 
variables are reported as number and percentage.

TA B L E  1  Characteristics of the study 
population



    |  25BRINDISI et al.

the vasoconstrictor effect of hydrazine reduced the local congestion 
and the relative nasal obstruction in the EXP group, but to a lesser 
extent regarding the not EXP group, remaining statistically signifi-
cant differences between the two groups.

This finding is in line with the fact that PSE enhances local con-
gestion and even more in patients with AR where there is minimal 
chronic inflammation.7

The objective evaluation of nasal obstruction, often challenging 
to be realized in children, is the main strength of this study, and it was 
possible thanks to the use of a basal and post- decongestion AAR.

Moreover, we assayed the influence of passive smoke on the 
nasal microbial composition and the correlations with cotinine lev-
els and mNF% values. Our findings evidence that PSE is associated 
with a decrease in biodiversity and shift in the microbiota composi-
tion, as shown by α- diversity and β- diversity. It has been recognized 
that dysbiosis promotes the acquisition of new specific bacterial 
taxa and the overgrowth of selectively advantaged bacteria.8 The 
changes in the microbial composition may also be related to the na-
ture of tobacco that suppresses the Th1 and Th17 reactions, but not 
the Th2 response, promoting colonization and persistence of spe-
cific bacterial taxa.9 The cross- correlation analysis revealed that M. 
nonliquefaciens, in agreement with determined cotinine levels, was 
negatively correlated with passive smoke exposure and positively 
correlated with the nasal flow. Such findings strengthen the idea 
that M. nonliquefaciens could be a microbial component associated 
with a healthy nasal microbiota in children, as reported in our previ-
ous study.8 Furthermore, cotinine levels were positively correlated 
with S. epidermidis and S. quinivorans, suggesting a higher capability 
of these bacterial species to adapt to smoke exposure– associated 
environmental changes. In this context, PSE could represent an ad-
ditional factor affecting the eubiosis in the nasal environment and 
exacerbating the clinical manifestation of AR.

4.1  |  Limitations

The main limitations of this pilot study are the small sample size 
and the cross- sectional design that do not provide a causal rela-
tionship between PSE and nasal obstruction in AR. Moreover, this 
study was performed as a monocentric evaluation. Thus, further 
studies are needed in the future with more extensive sample size 
and a multicentric investigation to assess PSE and AR's relation-
ship better.

5  |  CONCLUSION

Children with AR exposed to passive smoke and positivity for serum 
cotinine levels present an increase in their nasal obstruction linked 
to microbial modifications that could play a contributive or causative 
role in the pathophysiological processes. PSE could play a role in the 
worsening of AR symptoms and an additional risk factor for dysbio-
sis in the nasal environment.
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