Original Article

The normative value of inflammatory cells in the nasal perfusate
of Chinese adults: a pilot study

Yong Zhang', Qiuping Wang', Yanqing Xie’, Zhiyi Wang', Derong Li’, Li Ma', Xinju Pang', Weidong Yu',
Nanshan Zhong?

'Department of ENT & Head & Neck Surgery, Jinling Hospital, Nanjing University School of Medicine, Nanjing 210002, China; *The First
Affiliated Hospital of Guangzhou Medical School, Guangzhou Institute of Respiratory Diseases, Guangzhou 510120, China

Correspondence to: Qiuping Wang, MD. Department of ENT & Head & Neck Surgery, Jinling Hospital, Nanjing University School of Medicine,
Nanjing 210002, China. Email: doczhang0107@163.com.

Objective: To establish stable, well-accepted nasal perfusion and a normative value of classifying cells in the
nasal perfusate of Chinese adults.

Methods: A total of 500 healthy adults were divided into two groups of 250 people per group (group A, 16-
30 years old and group B, 31-60 years old; male-to-female ratio, 1:1). All volunteers were non-smokers; they
were irrigated with saline, and multiple inflammatory cells in the perfusate were analyzed.

Results: Irrigation was successfully performed in 479 cases, a success rate of 95.80%. The types of
inflammatory cells showed a skewed distribution. The median number and interquartile range (IQR)
of eosinophils were 0 and 0.2, respectively. These values were 0.4 and 2.2, respectively, for neutrophils
and 0 and 0, respectively, for both lymphocytes and macrophages. There was no significant difference
between males and females (P>0.05). There was a significant difference in the numbers of neutrophils and
lymphocytes in the different age groups (P=0.000), but there was no significant difference in the numbers
of eosinophils and macrophages (P>0.05). The 95% unilateral upper limited values (UULVSs) of eosinophils
and neutrophils in the nasal perfusates were 2.99 and 14.94, respectively, for group A and 1.41 and 17.08 for
group B. As a result, the total 95% UULVs of eosinophils and neutrophils in the nasal perfusate were 2.00
and 16.80.

Conclusions: We established stable, well-accepted nasal perfusions and normal values for classifying the
cells in the nasal perfusate of Chinese adults; the normative values of the inflammatory cells in nasal perfusate
are 2.00 for the 95% UULV of eosinophils and 16.80 for neutrophils. Age might be one of the factors
affecting the cells in rhinitis.
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Introduction reveal alterations in the epithelial cells after exposure to

physical and chemical inflammatory factors (4) and the

The nasal mucosa is the portion of the airway mucosa . . . .
P y progression of acute and chronic inflammation (5), which

that might be the most convenient tissue for examining is of great interest in basic and clinical research. This type

the effects of mucosal inflammation. Since Hansel first of examination can be easily repeated and used in patients

reported the examination method (1) in 1934, increasing of different ages due to its broad approach, simplicity and

numbers of researchers have performed studies on the
effects of allergies, blood vessel activity and infection on

rhinitis in nasal cells (2,3). The analysis of nasal cells can
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non-invasiveness (6). However, rhino cytology is only
used in basic and subclinical research and is not effective

in clinical applications (7). Although the examination is
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simple and recommended by experts, there is no consensus
on the standards for rhino cytology, especially for cell
counting (8), which is usually applied to rhinitis patients (9)
but not to healthy people (10). There are few reports
on the normative values for the rhino cytology of nasal
perfusates, but determining the classification for mucosal
inflammation, categorizing the inflammatory status,
updating the progression of inflammation and evaluating
the treatment of inflammation are important (11). In
addition, discussing the relevance of this analysis for lower
airway inflammation has great clinical significance (12). The
common rhino cytological examination consists of a smear
of nasal secretion, nasal lavage, nasal brush and biopsy of
the nasal mucosa. Inflammatory cells are highly relevant to
various examinations (13). Although scraping samples are
better than lavage samples, lavage is still the most stable
and accurate examination for assessing the inflammatory
status of the nose (3), and the repeatability of NAL is
sufficient (14). Our research first focused on the nasal lavage
of 500 healthy individuals and established a convenient,
stable lavage and counting method for rhino cytology.
We also determined the normal values for inflammatory
cells in nasal lavage, which could provide clues for further
research on the relevance between nasal and lower airway
inflammatory diseases.

Subjects and methods
Subjects

A total of 500 healthy individuals treated at Nanjing
Jinling Hospital and Guangzhou Respiratory Institute for
Ordinary Physical Examination were enrolled in this study.
The inclusion criteria were as follows: (I) negative result
in the skin prick test; (II) all CBC values were normal; (III)
non-smokers aged from 16-60 years old (250 cases from
16-30 years old and 250 cases from 31-60 years old with
a male-to-female ratio of 1:1); (IV) no chronic respiratory
diseases, no allergic constitution, no digestive difficulties
and no history of other severe diseases; (V) no nasal spray,
antihistamine, glucocorticoid or LTR treatment in the last
week and (VI) no respiratory infection within the last four
weeks. This study was approved by the Ethics Committee
of Nanjing Jinling Hospital and Guangzhou Respiratory
Institute. All of the participants were fully informed about
the purpose of this study. All participants provided written
informed consent before participation in the study.
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Methods

Based on studies performed abroad (15,16), we performed
the procedures as follows. First, we allowed the patients to
sit with their heads anteverted at 45 degrees. Second, we
told the patients to breathe through their mouths to close
the nasopharynx and prevent the irrigation from flooding
into the pharynx oralis. Third, we irrigated one of the
nostrils with 5 mL of 37 °C saline usina syringe and closed
the nostril with a plug to thoroughly irrigate the middle
and lower nasal passages. The irrigation fluid was collected
with a funnel (saline spilling from the other nostril is a
sign of thorough irrigation). The irrigation was repeated
three times, and the total time for the irrigation was
approximately 5 minutes. Some of the fluid was removed
by suction, and the remainder was collected with a funnel.
Fourth, we performed the same procedure in the other
nostril. Fifth, we recorded the volume and collection rate.
Sixth, we stored the sample at 4 °C and ran the tests within
2 hours.

Apparatus and reagents

A centrifugal machine, microscope, oscillator, water bath,
pipettor, electronic balance, hematoxylin-eosin dye solution
(Nanjing Jiancheng Technology Company; Serial number:
D006) and DTT (dispensed with Amresco, purity >99%)
were utilized in this study.

Criterion of acceptability

A recollection rate of higher than 70% was acceptable.

Cellular test

The irrigated sample was collected and centrifuged. The
supernatant was stored (used for other related data), and the
sediment was used for cellular testing (Figure I).

Cell counting

We observed the slice under a light microscope at 200 times
magnification and counted the total number of various
inflammatory cells, including eosinophils (Eos), neutrophils
(N), macrophages (M) and lymphocytes (L), in five fields
and identified every cell type at 200 HP. The total number
of inflammatory cells indicated the severity of rhinitis.
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Figure 1 Process of nasal lavage cytology.

Statistic analysis

In this study, the data are all given as the ¥ = SD and were
analyzed using SPSS (version 18.0). The Kolmogorov-
Smirnoff test was used to test the normality of the
distribution, and the reference range was shown to be 95%.
The Mann-Whitney U non-parametric test was used for
the analysis between the male and female participants and
among the different age groups. A P value less than 0.05
indicated a significant difference.

Results
Consistency test

There were no significant differences in the age, sex or
education level of the patients between the two hospitals
(x*=2.33, P>0.05; %’=2.92, P>0.05; ¥’=3.01, P>0.05),
indicating the consistency of the data.

Establishment of a method for nasal lavage

Nasal lavage samples were collected from 500 individuals.
Cough occurred in 9 cases due to unconscious aspiration
during irrigation (1.80%), and there was a collection rate
of less than 70% in 12 cases (2.40%). Finally, we included a
total of 479 cases (95.80%).
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The normal range of cells in the nasal lavage

The numbers of all inflammatory cells showed a skewed
distribution. The median number and interquartile range
(IQR) of the Eos were 0 and 0.2, respectively. These
values were 0.4 and 2.2, respectively, for N and 0 and 0,
respectively, for both L and M. There was no significant
difference between male and female patients (Table I).
There were significant differences for the N and L among
the different age groups (P=0.000), but there were no
differences for the Eos and M (P>0.05) (Table 2). The 95%
UULVs of the Eos and N in the nasal perfusate were 2.99
and 14.94, respectively, for group A and 1.41 and 17.08,
respectively, for group B. As a result, the total 95% UULVs
of the Eos and N in the nasal perfusate were 2.00 and 16.80,
respectively (Tables 1-3 and Figures 2-4).

Discussion

Nasal lavage is a non-invasive method that is easily
standardized and highly repeatable. Meanwhile, tests of
the supernatant from the centrifuged lavage fluid could
indicate various inflammatory conditions (17). Therefore,
a standardized method and normal range of rhino cytology
are important for research on the nasal passages and lower
respiratory tract. We performed research on 500 individuals
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Table 1 Statistical description of cell classification of nasal lavage of normal persons of different genders

Group Number Eosinophils Neutrophils Lymphocytes Macrophages
Man 236 247.95 248.09 240.81 244.43
Women 243 232.28 232.14 239.21 235.70

z 1.420 1.319 0.208 1.593
[? 0.156 0.187 0.836 0.111
Table 2 Statistical description cell classification in nasal lavage of normal persons

Group Number Eosinophils Neutrophils Lymphocytes Macrophages
16-30 years old 241 234.10 181.95 220.74 234.87
31-60 years old 238 245.97 298.78 259.51 245.19

z 1.076 9.662 5.020 1.885

P 0.282 0.000 0.000 0.059
Table 3 95% percentile distribution of nasal cytology (/200 HP)

Group Number Eosinophils Neutrophils Lymphocytes Macrophages
16-30 years old 241 2.99 14.94 0.20 0.00
31-60 years old 238 1.41 17.08 0.80 0.20
Total 479 2.00 16.80 0.60 0.20

and primarily confirmed the normal range of nasal cells in
Chinese people.

We first established the cell counting method for the
nasal lavage of healthy Chinese people and determined the
normative range. Although there were some reports on
noses with nasal lavage (18), they mainly focused on rhinitis
and the normative range for Eos but not on the normal
range of N, L, M and other nasal cells (3,19), and the
methods differed among the reports (e.g., nasal brushing,
scraping, smearing and lavage). The counting methods and
normative ranges also differed. However, no research of this
type has been performed in China. As a result, determining
the normal range of each type of inflammatory cell in the
nasal lavage was necessary. The counting range differed by
researcher, and nearly all researchers in this study counted
the Eos, N and L cells. They also advised that rhinitis should
be studied based on all of the nasal cell types, such as goblet
cells, M and epithelial cells (columnar and squamous) (19).
With repeated studies, we finally confirmed that the nasal
lavage could be evaluated using Eos, N, L and M and that
other cells should be excluded. First, abnormally dyed
cells (basophils and mast cells) were detected in only a few
cases (15/1,620), and such findings had no significance
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for further data analysis (19) based on the smears of nasal
secretions (relevance ratio: 0.93%). Second, a previous
study found no abnormally dyed cells, most likely because
the preparation of the sample from collection to processing
was more complicated than a nasal smear, which might
result in the destruction of the cells. Third, abnormally
dyed cells were all immediate phase cells that could secrete
inflammatory molecules, such as histamine and tachykinin,
which could destroy the cells at an early stage (3). Fourth,
rhinitis, especially AR, was represented by Eos, which are
the core marker cell. The N cells are closely related to nasal
infectious diseases, and the L cells are most likely associated
with allergies. M are related to atmospheric contamination,
such as glass fibers in the air and ozone (16,20). Fifth,
epithelial cells are the basic structure of the nasal mucosa
and do not reflect the severity of rhinitis. Sixth, Eos, N,
L and M cells were commonly observed in the induced
sputum (21), providing a foundation for the investigation of
the relevance of upper and lower airway disease (22).

Some reports have indicated that the severity of rhinitis
correlates with the percentage of each inflammatory cell
type (8). There is a significant correlation between nasal
Eos and nasal symptoms according to various data from
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Figure 2 Distribution of actual numbers of eosinophils, neutrophils, lymphocytes and macrophages per 200 HP in nasal lavage in

comparison with the normal distribution curve values for these cells.

Figure 3 Normal person nasal lavage as shown by the white arrow
is Eos; N, L and epithelial cell were also shown (HE, x200).

nasal lavages (IL-4, IL-5, IL-8 and IFN-y), nasal resistance
and pulmonary function. The correlation index is as high as
0.95, i.e., Eos play an important role in nasal cell tests (23).
The sensitivity and specificity vary among the nasal tests
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Figure 4 Normal person nasal lavage as shown by the white arrow
is Eos; N and M were also shown (HE, x400).

that are performed abroad, mainly due to the differences in
sampling, counting and scoring (8). For example, Mygind
et al. (24) suggested that it should be 10%, whereas
Jankowski et al. (25) indicated that it should be 20%;
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however, Burrows et 4. (26) reported that it should be 25%.
A recent study showed that more than 8% of Eos could be
the standard for allergic rhinitis (AR) in children under four
years old (sensitivity: 80%; specificity: 95%) (19). However,
these so-called standards were not based on research
performed on healthy individuals.

The most popular field for research on rhinitis is AR.
Basophils and mast cells are commonly the main course
for the immediate phase of histamine release during the
early stage of AR, and Eos and M can release the associated
inflammatory molecules (18), which are related to the
symptoms during the delayed phase. However, little is
known about the effects of N and M in rhinitis. In 2004,
Fransson et al. (27) reported on the role of N in intermittent
AR and stated that N cells not only led to early-stage
reactions but also are strongly associated with the symptoms
of rhinitis, suggesting that N cells are the motor for the
secretion of AR-related molecules in the early stage.
However, this work has not been supported by further study.
We found that the average number of N cells was 10 times
higher than that of Eos (95% UULV of 16.80) and was far
higher than the number of Eos in the nose, which might
have occurred because CO, and ozone can elevate the N
chemo attractive factor (28). Both the absolute numbers and
95% UULVs of L and M cells were low, especially for the
M cells. There was only one cell in 25 slides. Research on L
and M cells has been nearly absent. Recently, some studies
have indicated that there are different nasal cells involved in
the different types of rhinitis. L and M cells are much more
common in patients with medium-severe, constant AR (29).
A high concentration of ozone could decrease the number
of M cells (20). Limited research has provided us clues for
further studying and detailing the treatment of rhinitis.

Research from animal models and human subjects
suggests that there are several important changes in the
innate and adaptive immune responses with increasing
age, a phenomenon termed “immunosenescence” (30). The
function of immune-associated inflammatory cells, including
the number, function and early-stage reaction, decreased in
the older population, when activated (31). However, there
are currently few reports on the age-associated changes in
the inflammatory cell count and function. As a result, we
divided the subjects into two groups, group A (16-30 years
old) and group B (31-60 years old), and the average rank in
group B was higher than that in group A. There were no
significant differences in the Eos and M (Table 2), although
the P value was close to 0.05 for the M. In contrast, there
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were significant differences in the N and L (P=0.000). A
comparison of another in vitro Eos effect or function,
leukotriene C4 production, revealed no difference
between older and younger asthmatic subjects (32).
Mathur et al. reported that there was also no significant
difference between younger and older age groups in either
the percentage or absolute number of Eos in the induced
sputum of asthma patients. However, the degradation of
Eos after stimulation with IL-5 was slower in the older
group, and the production of ECP after stimulation was
also slower. Therefore, age most likely affects the activity
of Eos (21) but does not affect the absolute number of Eos.
In addition to Eos, we also found that the N, Land M cells
were all higher in the younger group, which is in agreement
with the findings of other studies. As people age, their
immune function declines, and they acquire infections more
easily (21,33). Hence, we should pay more attention to age
in our study.

Although we collected a large number of samples and
studied the normal values in detail, there are still some
disadvantages in this study. First, the concentration of
inflammatory cells was not determined. There should be a
primary result for the normal values of the concentrations
of various inflammatory cells in the nasal lavage. Second,
some of the study components used repeated nasal sprays
and collected the condensed water from the anterior naris
before analyzing the result. This method is more acceptable
in children, which will be applied in a future study (27).
Third, we did not collect samples from individuals
with rhinitis. If there are data on AR, we can obtain the
optimum value for diagnosing AR from the ROC (34) and
determining the effect of AR on nasal cytology.

Conclusions

In conclusion, we developed a method for obtaining nasal
lavages and determined the nasal cytology of healthy adults
based on research conducted in two centers. We will further
perform multi-center research to validate this study and
prove the usefulness of these measures.
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