Nasal cytology in children: scraping or swabbing?*
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Abstract

Nasal cytology has become a valuable tool in the assessment of a multitude of nasal pathologies in children. Collection methods
differ significantly and even though the use of the nasal curette is regarded as the most reliable in adults, most practitioners use
the nasal swab in children. However, no studies have validated the reliability and supposed better tolerability of the latter. We
have compared these two sampling methods regarding their tolerability and analysed the diagnostic accuracy of the cotton nasal
swab (NSW) to identify nasal cytotypes and rhinitis phenotypes, using nasal scraping (NSC) for comparison.

In a multicentric prospective study we recruited 208 children and performed nasal cytology by means of NSW and NSC. Microsco-
pic evaluating of the nasal cytotypes was performed and tolerability of NSW and NSC was tested.

Our data revealed a significantly inferior diagnostic accuracy of NSW compared to NSC regarding reliability and cell counts.

Our study is the first to shed light on the role of the sampling tools for pediatric nasal cytology. We documented a poor diagnostic
accuracy of NSW, thus suggesting using only the nasal curette in clinical practice. Furthermore, tolerability did not differ between

the two, refuting the common thesis that swabs are to be preferred when doing nasal cytology in children.
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Introduction

Nasal cytology has become a valuable tool in the assessment
and diagnosis of a multitude of nasal pathologies. Its aim is

to investigate cellular changes and composition in the nasal
epithelium and is based on the assumption that healthy nasal
mucosa of adults and children alike consists of ciliated-, goblet-,
basal- and striated cells and no other cells except, rarely, neu-
trophils and bacteria. Any detection of inflammatory cells such
as eosinophils, mast cells or abundant neutrophils may therefore
indicate the presence of an allergic or non-allergic disease.
Numerous studies have thus supported the importance of nasal

cytology in being able to define pathophysiological mecha-
nisms of acute and chronic disease, the identification of new
pathological entities -? and the unmasking of overlapping
(allergic and non-allergic) forms ©.

A particular role has been ascribed to nasal cytology in child-
hood ), partially due to its minimally invasiveness, but even
more so because it enables an objective follow-up in this often
non-compliant age group. Furthermore, unmasking overlapping
allergic and non allergic rhinitis, is valuable in order to achieve
possibly more consistent therapeutic results e.g. with allergen
immunotherapy ©.



Over the years, several non-invasive techniques have been de-
veloped to sample nasal epithelial cells including nasal washing,
suctioning (mucus traps), nasal brushing —packs, -scraping

and nasal swabbing. However, only the nasal curette (for nasal
scraping) and the nasal swab have become the two methods

of choice in modern adult and child nasal cytology, due to

their characteristics that render sampling and processing very
straightforward and minimally invasive. Even though the nasal
curette is widely used in adult nasal cytology, many authors pre-
fer the nasal swab in assessing the paediatric population, as it is
perceived to be quicker, less troublesome © and better tolerated
by children.

While collection with the nasal curette has been shown to pro-
duce more reliable results ” when compared to brushing, and
simplifies processing when compared to nasal lavage, no studies
have yet validated the sampling by nasal swab in children.

Our aim is therefore to study these two sampling methods in a
paediatric population: in a multicentre study we have compa-
red these techniques regarding their tolerability and analysed
the diagnostic accuracy of NSW to identify nasal cytotypes and
rhinitis phenotypes, using NSC for comparison.

Materials and methods

Study design and setting

This was a multicentric prospective study of diagnostic accuracy
performed in three tertiary hospitals (Centre 1: Department

of Otolaryngology and Department of Pediatrics, Santi Paolo

e Carlo Hospital, Department of Health Sciences, University of
Milan, Milan; Centre 2: Department of Physiopathology and
Transplantations of Fondazione IRCCS Ca’ Granda Ospedale
Maggiore Policlinico, Milan; and Centre 3: Gruppo pediatrico di
cure primarie Asl To1, Turin, Italy). The protocol was approved by
our local Ethics Committees and was conducted in accordance
with the standards of Good Clinical Practice. Written informed
consent was obtained from the children’s parents or their legal
guardians.

Study subjects

Between 2013 and 2015, we recruited outpatient children aged
3-16 years who were referred to our Departments for either
first- and second-level pediatric or otolaryngologic clinical as-
sessment.

The exclusion criteria were the parents’ refusal to participate, the
use of steroids (intranasal and systemic) for up to 14 days prior
to the assessment and the children’s inability to cooperate due
to pre-existing conditions or non-compliance to nasal exami-
nation. In case of recent nasal bleeding (i.e.: occurring in the
previous 10 days), the procedure was postponed 7 days after
complete recovery.
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Interventions

Clinical assessment

The demographic and clinical features of each patient were
recorded, including their allergic status (as revealed by skin prick
tests for the most common classes of aero-allergens carried out
within the preceding six months), history of previous or acute
airway disease (i.e.: acute otitis media, acute rhinitis, acute pha-
ryngotonsillitis); and history of concomitant systemic diseases.
All of the patients underwent an anterior rhinoscopy aimed at
evaluating nasal patency, the presence of secretions and the
characteristics of nasal mucosa.

Nasal cytology

Nasal cytology was performed by means of both cotton nasal
swab (NSW) in one nostril and by nasal scraping (NSC), using

a disposable nasal mucosa curette (Rhino-probe™, Arlington
Scientific, Inc., Springville, UT, USA), in the opposite nostril in
every patient. All the children initially underwent NSW, and the
first nostril was randomly chosen via a random number genera-
tor. The samples were collected during anterior rhinoscopy from
the middle portion of the inferior turbinate. The cellular material
was placed on a glass slide by rolling the swab/the curette
repeatedly, while spreading the material onto the slide, fixed by
air drying, stained using the May-Grunwald Giemsa method (Bio
Optica Milano S.p.A., Milan, Italy), and then examined under a
light microscope. The cells were counted in 10 microscopic fields
at 1000x magnification under immersion by the same trained
examiner using Meltzer and Jalowayski’s semi-quantitative
grading (8). Normal smears contain only epithelial cells and rare
neutrophils; the pathological rhinitis phenotypes were defined
as follows on the basis of cell predominance and clinical fea-
tures: 1) allergic rhinitis (presence of nasal eosinophils and po-
sitive skin prick test for in-season allergen at time of sampling);
2) bacterial rhinitis (presence of bacterial clusters in the sample,
accompanied by nasal neutrophils);

3) an eosinophilic form (i.e.: NARES, with nasal eosinophils >20%
of total cells and the absence of positive skin prick test); 4) a
neutrophilic form (i.e.: NARNE, with nasal neutrophils >50% of
the total cells without any bacterial or fungal element and the
absence of positive skin prick test); 5) a mast cell form (i.e. NAR-
MA, with nasal mast cells >10% of total cells and the absence of
positive skin prick test); and 6) a mixed eosinophilic-mast cell
form (i.e.. NARESMA, with eosinophils >20% and mast cells >10%
of the total cells and the absence of positive skin prick test) © 19,
The trained clinicians involved in microscopic examination were
blinded to the device used for sample collection.

Children reactions including the occurrence of crying, nasal
itching, and sneezing after each procedure were recorded; tole-
rability of NSW and NSC was moreover tested by pain evaluation
by means of standardized 0-5 visual analogue scales (Face pain
scale 0= no pain; 5= maximum pain) or Numerical Rating Scale
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Table 1. Demographic and clinical characteristics of the study population.

Characteristics No. (%)

No. of males 141 (67.8)
Collecting centre 76+29
No. of pts. from centre 1 85 (40.9)
No. of pts. from centrer 2 98 (47.1)
No. of pts. from centre 3 25(12.0)
No. of pts. with history of previous airway disease None 15(7.2)
Recurrent or chronic middle ear infections 57 (27.4)
Recurrent or chronic upper airway infections 76 (36.5)
Recurrent or chronic lower airway infections 42 (20.2)
Other diseases 18(8.7)
None 150 (72.1)
Acute otitis media 3(1.4)
Acute rhinitis 44 (21.1)
Acute pharyngotonsillitis 2(1.0)
Other diseases 9 (4.4)
No. of pts. with allergy 119 (57.2)

No.: number; sd: standard deviation; pts.: patients.

(NRS), in children older than 8 years "

Sample size

Sample size was calculated on the basis of the primary end-
point, which was to compare diagnostic accuracy of NSW to
the gold standard diagnostic technique (i.e.: NSC) for nasal
cytology in identification of pathological rhinitis phenotypes.
We assumed that sensitivity of NSC was 92%; a sample size of
134 children thus achieved 80% power to detect a difference
between the two diagnostic tools’ sensitivity of about 7%.

Statistical analysis

Descriptive statistics were used to describe the population basic
characteristics, the cytological features, and tolerability of NSW
and NSC. The ordinal variables were expressed as mean values
and their standard deviations. Tolerability was compared by
means of Fisher’s exact probability test or Wilcoxon signed rank
sum test.

Diagnostic accuracy of NSW compared to NSC in detection of
specimens adequate to microscopic lecture, pathological rhinitis
phenotypes, peculiar nasal cytotypes, and nasal cells was tested
by means of receiver-operating characteristic (ROC) analysis,
and by computing its sensitivity, specificity, positive (LR+) and
negative (LR-) likelihood ratios, and the area under the receiver-
operating characteristic curve (AUC), with its 95% confidence
intervals (95%(Cls).

The concordance of the two diagnostic tools in identifying the
same rhinitis phenotypes was tested and expressed as the per-

centage of accordant diagnosis.

The effect of potential confounders such as the collecting
centre, the presence of allergy or any acute airway disease was
moreover tested by means of dedicated subgroups analysis.
Statistical significance was set at p-value< 0.05. The data were
analysed using STATA 10.0 software (StataCorp, College Station,
TX, USA).

Results

The final analysis was based on the grounds of 208 child-

ren (141/208, 67.8% males; mean age= 7.6 £ 2.9 years). Six
children were not included due to pre-existing conditions or
non-compliance to anterior nasal examination (2/6 Autism
Spectrum Disorder, 4/6 non compliance). Demographic and
clinical characteristics are reported in Table 1. Pathological nasal
specimens were detected in about 25% of cases by NSW and in
about 32% of cases by NSC (p-value= not significant -n.s.-), and
allergic rhinitis resulted to be the most frequent pathological
rhinitis phenotype in both of them (discovered respectively in
55.4% of pathological samples collected by NSW, and in 50.0%
of those collected by NSC; p-value= n.s.). About 29% and 15% of
specimens respectively collected by NSW and NSC resulted to
be inadequate for microscopic lecture (p-value< 0.001). Detailed
cytological characteristics are reported in Table 2.

When diagnostic accuracy of NSW (in detection of: adequate
specimens, pathological rhinitis phenotypes, peculiar nasal
cytotypes, and nasal cells) was tested, sensitivity varied between
16.7% and 98.5%, and specificity was not higher than 88.6% for
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Table 2. Cytological findings at NSW and NSC.

Characteristics NSW NSC p-value
No. of specimens inadequate for lecture 61 (29.3) 31(15) <0.001
No. of specimens with pathological rhinitis phenotypes 52 (25.0) 67 (32.4) n.s.
Pathological rhinitis phenotypes AR 46 (55.4) 41 (50.0) n.s.
Bacterial rhinitis 22 (26.5) 23 (28.0) n.s.
NARES 5(6.0) 6(7.3) n.s.
NARNE 3(3.6) 3(3.6) n.s.
NARMA 5(6.0) 5(6.1) n.s.
NARESMA 0(0.0) 2(2.5) n.s.
Other 2(2.5) 2(2.5) n.s.
No. of specimens with cells Bacteria 26 (12.5) 42(20.2) 0.034
Eosinophils 45 (21.6) 54 (26.0) n.s.
Neutrophils 105 (50.5) 159 (76.4) < 0.001
Mast cells 31(14.9) 30(14.4) n.s.

NSW: nasal swab; NSC: nasal scraping; n.s.: not significant; AL: allergic rhinitis; NARES: non allergic rhinitis with nasal eosinophils; NARNE: non allergic

rhinitis with nasal neutrophils; NARMA: non allergic rhinitis with nasal mast cells; NARESMA: non allergic rhinitis with nasal eosinophils and mast cells.

Table 3. Measures of diagnostic accuracy of NSW compared to NSC.

Outcomes Sensitivity, % Specificity, % LR+, %
Identification of adequate specimens 355 71.6 13
Identification of pathological rhinitis phenotypes 37.3 814 2.0
Identification of pathological rhinitis phenotypes AR 78.4 244 1.0
Bacterial rhinitis 90.3 8.7 1.0
NARES 98.0 16.7 1.2
NARNE 98.5 0.0 1.0
NARMA 98.0 20.0 1.2
NARESMA = = =
Other 97.6 0.0 1.0
Nasal cells identification Bacteria 16.7 88.6 15
Eosinophils 37.0 83.8 2.3
Neutrophils 52.8 57.1 1.2
Mast cells 26.7 87.1 2.1

AL: allergic rhinitis; NARES: non allergic rhinitis with nasal eosinophils; NARNE: non allergic rhinitis with nasal neutrophils; NARMA: non allergic rhinitis
with nasal mast cells; NARESMA: non allergic rhinitis with nasal eosinophils and mast cells; LR+: positive likelihood ratio; LR-: negative likelihood ratio;

AUC: area under the receiver-operating characteristic curve; 95%Cl: 95% confidence interval.

all the outcomes (Table 3). This resulted in a substantial inac- allergy (AUC for the absence of allergy= 0.54, 95%Cl= 0.41-0.66;
curacy of NSW, as attested by the AUCs, ranging between 0.49 AUC for the presence of allergy= 0.54, 95%Cl= 0.40-0.68; p-

and 0.60 "? (Table 3 and Figure 1). These data were confirmed value=n.s.) or any acute airway disease (AUC for the absence of
by testing the concordance of NSW with NSC in identifying the acute airway disease= 0.50, 95%Cl= 0.40-0.61; AUC for the pres-
same nasal cytotype, which resulted 51.4%. ence of acute airway disease= 0.63, 95%Cl= 0.42-0.83; p-value=

Subgroups analysis performed in order to test if the presence of n.s.) could act as confounders on diagnostic accuracy of NSW in
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Figure 1. ROC curve for identification of adequate specimens (A) and identification of pathological nasal cytotypes (B). ROC: receiver-operating char-

acteristic; AUC: area under the receiver-operating characteristic curve.
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Figure 2. ROC curve for identification of adequate specimens according
to the presence of allergy (A, blue line=no allergy, red line= allergy,p-
value= n.s.) and acute airway disease (B, blue line= no acute airway dis-
ease, red line= acute airway disease; p-value= n.s.). The collecting centre
was not tested as a confounder due to numerical incongruity. ROC:
receiver-operating characteristic; AUC: area under the receiver-operating

characteristic curve; n.s.: not significant.

identification of adequate specimens did not document any sta-
tistically significant difference in the AUCs (Figure 2). Moreover,
the collecting centre (AUC for centre 1= 0.60, 95%Cl= 0.45-0.74;
AUC for centre 2=0.51, 95%Cl= 0.41-0.60; AUC for centre 3=
0.52, 95%Cl= 0.31-0.72; p-value= n.s.), the presence of allergy
(AUC for the absence of allergy= 0.53, 95%Cl= 0.42-0.63; AUC for
the presence of allergy= 0.64, 95%Cl= 0.55-0.73; p-value=n.s.) or
any acute airway disease disease (AUC for the absence of acute
airway disease= 0.57, 95%Cl= 0.48-0.65; AUC for the presence

of acute airway disease= 0.60, 95%Cl= 0.48-0.72; p-value=n.s.)
did not statistically influence diagnostic accuracy of NSW in the
identification of pathological rhinitis phenotypes, as resulted by
the AUCs comparison (Figure 3).

Both procedures were well tolerated, as attested by mean VAS
pain values (respectively 1.9 + 1.5 after NSW, and 1.8 + 1.6 after
NSC; p-value=n.s.), and by the occurrence of crying (reported
respectively in 35.6% of children after NSW, and in 28.8% of
children after NSC; p-value= n.s.). Furthermore, only minor local
and transient side effects were documented after sampling, with
nasal itching being the most frequent (reported respectively in
63.5% of children after NSW, and in 63.9% of children after NSC;
p-value= n.s.). No major side effects such as bleeding occurred.
Tolerability of NSW was comparable to tolerability of NSC, as

no statistically significant differences between the procedures
were found when mean VAS /NRS pain values, the occurrence
of crying, nasal itching or sneezing were tested (Table 4).

When subgroups analysis was performed in order to test if the
collecting centre, the presence of allergy or any acute airway
disease could act as confounders, we did not find any statisti-
cally significance in itching, sneezing and crying. However, we
found that mean pain measured with VAS was higher in NSW
compared to NSCin center 2 (2.3 + 1.6 vs. 1.6 £ 1.4; p-value=
0.004) and 3 (1.1 £ 0.6 vs. 0.5 £ 0.4; p-value< 0.001), and that it
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Figure 3. ROC curve for identification of pathological nasal cytotypes
according to the collecting centre (A, blue line= centre 1, red line= cen-
tre 2, green line= centre 3; p-value=n.s.), the presence of allergy (B, blue
line=no allergy, red line= allergy p-value= n.s.) and acute airway disease
(C, blue line= no acute airway disease, red line= acute airway disease;
p-value= n.s.). ROC: receiver-operating characteristic; AUC: area under

the receiver-operating characteristic curve; n.s.: not significant.

Table 4. Tolerability of NSW and NSC.

Variable NSW NSC p-value
Crying (%) 74 (35.6) 60 (28.8) 0.08
Nasal itching (%) 132 (63.5) 133 (63.9) 0.37
Sneezing (%) 38(18.3) 37(17.8) 0.90
Mean VAS pain + sd 1.9(1.5) 1.8(1.6) 0.37

NSW: nasal swab; NSC: nasal scraping; VAS: visual analogue scale; sd:

standard deviation; n.s.: not significant.
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was higher in NSC compared to NSW in centre 1 (2.4 + 1.6 vs.
1.8 = 1.5; p-value= 0.004). No other confounders were found to
significantly influence NSW and NSC tolerability (Table 5).

Discussion

To the best of our knowledge this is the first study evaluating
diagnostic accuracy of NSW in assessing nasal cytotypes in
children. NSC was chosen as the comparing sampling techni-
que because even if different sampling methods have been
proposed (including blowing the nose, nasal brushing, and
direct biopsy) “ 19, NSC still represents the tool of choice &1
given that it was found to be more accurate than both cotton
swab and brushing in adult population @ and it is supposed to
be well tolerated by the paediatric population, too. However, we
have to take into account that NSC is not a nasal biopsy and as
such could perhaps over or underestimate nasal pathology.

We found that NSW achieves adequate sample collection in

a significantly lower number of patients compared to NSC, as
nearly one third of NSW-determined specimens resulted to be
inadequate for microscopic lecture, thus impeding diagnosis in
a not negligible subset of patients.

When ROC analysis was performed in order to evaluate diag-
nostic accuracy of NSW compared to NSC in detecting adequate
specimens, the presence of pathological rhinitis phenotypes,
and in discriminating peculiar nasal cytotypes, acceptable
values in sensitivity and specificity were not simultaneously
found for any of the assessed outcome. This results in correspon-
ding AUCs ranging between 0.49 and 0.60, thus suggesting a
substantial poor diagnostic accuracy of NSW compared to NSC.
This finding was confirmed when subgroup analysis performed
according to some possible confounders (such as the col-
lecting centre, the presence of allergy or any acute upper airway
disease) was conducted. The global poor diagnostic accuracy of
NSW was moreover suggested by the concordance test, which
showed that NSW was able to correctly identify nasal cytological
profiles only in about 50% of cases.
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Table 5. Analysis of tolerability by possible confounders.

Crying (%) + sd Centre Centre 1 459+54 47.1+54 n.s.
Centre 2 21.4+4.1 30.6 +4.6 n.s.
Centre 3 33.6+39 29.8+5.1 ns.
Acute airway infection Yes 19.0+5.1 31.0x6.1 n.s.
No 327+38 373+34 n.s.
Allergy Yes 31.1+4.2 370+44 n.s.
No 25846 33.7+5.0 n.s.
Nasal itching (%) + sd Centre Centre 1 753+47 65.9 5.1 n.s.
Centre 2 470+5.0 520+5.0 n.s.
Centre 3 63.5+4.8 61.9+4.7 ns.
Acute airway infection Yes 63.8+6.3 75.9+5.6 n.s.
No 64.0+39 58.7 £4.0 n.s.
Allergy Yes 66.4+4.3 67.2+43 n.s.
No 60.1+5.2 584+5.2 n.s.
Sneezing (%) + sd Centre Centre 1 82+3.0 14.1+£3.38 n.s.
Centre 2 11.2+3.2 51+22 n.s.
Centre 3 23.5+43 229+45 ns.
Acute airway infection Yes 36.2+6.3 327+6.2 ns.
No 11.3£26 120£2.6 n.s.
Allergy Yes 21.0+3.7 21.8+3.8 ns.
No 14.6 £3.7 123 +35 n.s.
Mean VAS pain + sd Centre Centre 1 18+1.5 24£16 0.004
Centre 2 23+16 1.6+14 0.004
Centre 3 1.1+£06 0.5+0.4 <0.001
Acute airway infection Yes 1.6+15 1.5+15 n.s.
No 19+14 1.9+1.6 n.s.
Allergy Yes 1.8+1.6 19+1.6 n.s.
No 21+1.6 1.6+1.5 n.s.

NSW: nasal swab; NSC: nasal scraping; VAS: visual analogue scale; sd: standard deviation; n.s.: not significant.

These results may be related to the fact that curette-probe gical profiles. Our results support this hypothesis, given that the
sampling probably involves a deeper cell collection into the percentage of specimens with either bacterial or inflammatory
nasal mucosa due to the scraping process, or that some cells cells was lower among NSW-obtained samples compared to
may be entrapped into the cotton swab, thus avoiding complete ~ NSC-obtained samples, as documented in Table 2. The poor
deposition of harvested material onto the slide. Whatever the capability of NSW in detecting nasal cells results in its inaccuracy
reason, this results in a poor cellularity of swab-determined in discriminating between physiologic and pathologic nasal
samples, which is responsible for both the high rate of NSW- cytotypes and among peculiar pathological nasal profiles.

obtained specimens inadequate for microscopic lecture and the When the tolerability of the two procedures was assessed, our
substantial inaccuracy of NSW in achieving reliable nasal cytolo- data showed that both of them were well-tolerated, as resulted
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by VAS /NRS pain analysis, and the absence of any major side
effects. As a matter of fact, only a slight and transient discomfort
was documented by the occurrence of crying respectively in
36% and 29% of children undergoing NSW and NSC, and the
occurrence of nasal itching and sneezing. Moreover, our results
seem to question the common opinion of less invasiveness of
NSW, as attested by the absence of any statistically significant
difference in tolerability between NSW and NSC. However, VAS-
pain analysis adjusted for collecting centre showed that pain
may be considered operator dependent and that both tools can
be associated with more or less pain, albeit in two out of three
centres NSC was considered less painful than NSW.

In our opinion the possible explanation for these phenomena
stands in the different conformation of the two devices: even if
the NSW presents a softer cotton tip than the NSC, the plastic
curette results stiffer than NSW and is therefore easier to maneu-
ver towards the middle part of the inferior turbinate for a faster
and more precise sampling, without touching the extremely
innervated nasal septum.

Our results are not directly comparable with previous ones,

as the only one study assessing diagnostic accuracy of NSW
compared to NSC only focused on the identification of the eosi-
nophilic pattern in allergic adults @ and did not evaluate the to-
lerability of the tools. However, our data is in line with results by
Lin et al. ?9, which showed that the curette-probe determined
nasal eosinophil quantitation had greater area under the ROC
curves (and therefore a better diagnostic accuracy in detecting
patients with allergic rhinitis) than the cotton swab-obtained
one, when definition of allergic rhinitis was performed on the
basis of elevated aero-allergen specific IgE and either significant
nasal mucosal appearance abnormalities or a referring physi-
cian’s diagnosis of rhinitis.

A limitation of this study could be the diagnosis of the different
rhinitis phenotypes and especially NARES without testing for
nasal allergen-specific IgE, in order to differentiate NARES from
local allergic rhinitis. However, our aim of the study was to com-
pare cytological sampling methods that are commonly used and
we therefore did not include this testing believing it would not
change our conclusions.

Methods in nasal cytology

Our results documenting a poor diagnostic accuracy of NSW in
determining nasal profiles and a comparable tolerability of NSC
and NSW in children can be directly transferred to the clinical
practice and are completely reproducible, given that they were
substantially overlapping among three different centres and
none of the variables assessed as possible confounders resulted
to be significant.

Conclusion

Our study is the first to shed light on the role of the tools used
for pediatric nasal cytology collection regarding accuracy

and tolerability. We documented a substantial poor diagnos-
tic accuracy of NSW compared to NSC in determining nasal
profiles, thus suggesting to limit the use to NSC only in clinical
practice. Furthermore, tolerability did not differ between the
two, refuting the common thesis that swabs are to be preferred
when doing nasal cytology in children. Interestingly however,
reported pain (although minimal) did indeed differ between
operators, underlining the importance of a correct training.
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