
O R I G I N A L A R T I C L E

Investigating nasal cytology as a potential tool for diagnosing occupational
rhinitis in woodworkers
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Background: Our primary endpoint was to use nasal cy-
tology to compare woodworkers with unexposed subjects
to see if wood dust exposure correlates with specific pat-
terns of inflammatory or infectious rhinitis. A secondary
endpoint was to identify any differences in the exposed
group’s nasal symptoms or nasal cytology by years of ex-
posure or personal exposure levels.

Methods: Ninety-two woodworkers and 90 controls were
assessed using a questionnaire and nasal cytology (on nasal
mucosa obtained by scraping). Wood dust exposure was in-
vestigated using personal sampling methods.

Results: Woodworkers reported significantly more nasal
symptoms than controls (p < 0.00001). The woodworkers’
nasal smears revealed more neutrophils (p = 0.001) and sig-
nificantly higher mean neutrophil scores (p = 0.001) than
control smears. Lymphocytes were also found more o�en
in the woodworkers’ rhinocytograms (statistical trend, p =
0.06). Neutrophilic rhinitis was diagnosed more frequently
in the exposed workers than in controls (chi-square = 5.97,

p < 0.05). Woodworkers with lymphocytes in their nasal
smears had been exposed to wood dust for longer periods
of time (statistical trend; p = 0.06). No differences in nasal
symptoms or cell counts emerged when woodworkers were
stratified by levels of personal exposure.

Conclusion: Nasal cytology should be further investigated
in woodworkers before considering it a screening method
for identifying woodworkers with chronic inflammatory
rhinitis. C© 2015 ARS-AAOA, LLC.
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E xposure to wood dust is widespread. It has been esti-
mated that more than 3 million employees in the Eu-

ropean Union (EU) are occupationally exposed to wood
dust.1,2 Wood dust is thought to be a mucous membrane ir-
ritant. Although no clear distinction can be drawn between
the health risks relating to different species, hardwoods
seem to pose a greater health risk than softwoods,3 because
occupational exposure to hardwood dust is strongly asso-
ciated with sinonasal adenocarcinomas. The International
Agency for Research on Cancer (IARC) has classed wood
dust as carcinogenic for humans.4,5 The EU’s Scientific
Committee for Occupational Exposure Limits (SCOEL) has
also stated that exposure to wood dust above 0.5 mg/m3

induces pulmonary effects.6 Two quite recent reviews iden-
tified a strong association between fresh and dry wood dust
exposure and asthma, asthma symptoms, coughing, bron-
chitis, and acute and chronic lung function impairment.3,7

Exposure to wood dust has also been associated with
nasal symptoms (primarily nasal obstruction) in several
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studies8,9 and wood dust exposure above 1 mg/m3 has been
found to coincide with an exposure-effect relationship.6

Objective nasal patency measurements obtained using
rhinomanometry,10 nasal peak expiratory flow,11 and
acoustic rhinometry12 have confirmed nasal obstruction in
woodworkers. Another nasal function found impaired in
woodworkers is nasal mucociliary clearance, which was
investigated by Ahman et al.13

Respiratory effects induced by wood dust are assumed to
involve roughly the same pathophysiological mechanisms
as for other organic dusts (such as grain dust and cotton
dust), which involve the release of inflammatory mediators
by inflammatory and epithelial cells.14 This assumption is
partly sustained by the fact that a significantly higher rate
of rhinitis was recorded among workers exposed to wood
dust than in unexposed controls.15 One way to further con-
firm this hypothesis would be to investigate inflammatory
markers (eg, nasal cellularity, neutrophils) in nasal mucosa.
A few studies have already been conducted on nasal lavage
fluid, with contradictory results.14,16 To our knowledge,
no other English-language publications have reported on
woodworkers assessed using nasal cytology on samples ob-
tained by nasal mucosa scraping.

The primary endpoint of the present investigation was to
use nasal cytology to compare a group of woodworkers and
a group of unexposed subjects to see whether wood dust
exposure correlates with specific patterns of inflammatory
or infectious rhinitis. A secondary endpoint was to seek
any differences in the nasal symptoms or nasal cytology in
the exposed individuals by years of exposure, or personal
exposure levels.

Subjects and methods
Subjects

The woodworkers who volunteered for the present study
were enrolled during an industrial environment investi-
gation conducted by the Padova University Preventive
Medicine and Risk Assessment Service on woodworking
factories in the Veneto region (Italy). The study was ap-
proved by our institutional research committee. Informed
consent was obtained from all individuals taking part in
the study.

The inclusion criteria were as follows: (1) male gender;
(2) involvement in woodworking processes that entailed
exposure to wood dust; (3) wood dust exposure persisting
for at least 12 months; (4) a negative medical history for
nasal surgery or rhinitis; and (5) anterior rhinoscopy ruling
out nasal polyps and obstructive septal deviations. Con-
trols were volunteers who had no history of occupational
or other exposure to wood dust or other nasal irritants.
Ninety-two woodworkers and 90 controls met the above
inclusion criteria and were enrolled in the present study.

Both groups were administered a self-reporting question-
naire investigating nasal symptoms (nasal congestion, rhi-
norrhea, sneezing fits, nasal itching, anosmia/hyposmia,

epistaxis, ageusia/hypogeusia, snoring, nocturnal oral
breathing, cough, headache, and sore throat) in the pre-
vious 6 months, and cigarette smoking history. We consid-
ered nasal congestion, rhinorrhea, sneezing fits, nasal itch-
ing, and anosmia/hyposmia as major symptoms. The group
of woodworkers also answered questions on their years of
exposure to wood dust and the wood species they worked
with (hardwood, softwood, or tropical hardwood).

All procedures performed in the study were in accordance
with the ethical standards of our institutional research com-
mittee and with the 1964 Helsinki Declaration and its later
amendments. Informed consent was obtained from all in-
dividual participants included in the study.

Nasal cytology
Nasal cytology was performed by anterior rhinoscopy,
using a nasal speculum. The collection technique con-
sisted of scraping mucosa from the middle portion of
the inferior turbinate, using a Rhino-Probe (Arlington Sci-
entific, Springville, UT).17 The sample was placed on a
glass slide, fixed by air drying and then stained using the
May-Grunwald Giemsa (MGG) method (Carlo Erba, Mi-
lan, Italy). This is the method most widely used in diag-
nostic nasal cytology because all of the cellular compo-
nents of the nasal mucosa, from inflammatory cells (neu-
trophils, eosinophils, mast cells, lymphocytes) to bacteria,
spores, fungal hyphae, and mucous secretions, are eas-
ily stained. The slide was examined under a Nikon E600
light microscope (Nikon, Mississauga, Ontario, Canada).
In each rhinocytogram, 50 microscopic fields were ana-
lyzed at ×1000 magnification to ascertain the presence of
normal and abnormal cellular elements. Cell counts, and
bacterial and fungal analyses were scored by means of a
semiquantitative grading method proposed by Meltzer and
Jalowayski,18 as follows: grade 0 (not visible); grade 1 (oc-
casional groups); grade 2 (moderate number); grade 3 (eas-
ily visible); and grade 4 (many of which cover the entire field
of view). Depending on which cells were predominant,19

we classified pathological rhinocytograms as follows: (1)
eosinophilic rhinitis (eosinophils grading 1 to 4, neutrophils
may be present); (2) mast cell rhinitis (mast cells grading 1
to 4, neutrophils may be present); (3) neutrophilic rhinitis
(neutrophils grading 1 to 4); (4) bacterial rhinitis (bacterial
grading 1 to 4, and neutrophils grading 1 to 4); and (5) fun-
gal rhinitis (fungal grading 1 to 4, and neutrophils grading
1 to 4).

Personal exposure
Personal exposure to inhalable wood dust was assessed us-
ing an Institute of Occupational Medicine (IOM) sampler
equipped with polyvinyl chloride (PVC) membranes (diam-
eter 25 mm, pore diameter 1.2 μm) and connected to an
air sampling pump (PCXR4-model; SKC Inc., Eighty Four,
PA) (Fig. 1) operating at a flow rate of 2 L/minute. Sam-
pling was done during a full 8-hour working day. The PVC
membranes were conditioned in the Aquaria Climatic hood
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FIGURE 1. Woodworker wearing the IOM sampler connected to the air
sampling pump. IOM = Institute of Occupational Medicine.

(Aquaria, Milan, Italy) at 20°C ± 1°C and 50% ± 5% rel-
ative humidity for 48 hours before and after the sampling
period. Dusts were measured gravimetrically on an MC-5
microscale with a detection threshold of 0.001 mg (Sarto-
rius Mechatronics, Milan, Italy).

Statistical analysis
Given the purposes of the investigation, we conducted an
intergroup analysis to compare the exposed and unexposed
subjects, and an intragroup analysis on the woodworkers.
Most of the variables were dichotomized: smoking (no vs
yes), symptoms (absent vs present), major symptoms (ab-
sent vs present), and personal exposure level (�1 mg/m3 vs
>1 mg/m3). Furthermore, to avoid any bias due to post hoc
considerations, we preliminarily decided to dichotomize
also rhinocytograms (normal vs altered) as follows: neu-
trophil grading (0 vs 1 to 4), eosinophil grading (0 vs 1 to
4), mast cell grading (0 vs 1 to 4), lymphocyte grading (0
vs 1 to 4), bacterial grading (0 vs 1 to 4), and fungal grad-
ing (0 vs 1 to 4). Fisher’s exact test was used to compare
the dichotomized variables. When a significant p value was
disclosed, the odds ratio (OR) and the corresponding 95%
confidence interval (CI) were calculated.

The Mann-Whitney test was also used to compare the
mean neutrophil scores. The t test corrected for unequal
variances was used to analyze continuous variables (age,
years of exposure). The chi-square test was used to analyze
probability distributions.

A p value < 0.05 was considered significant, whereas
values in the range of 0.07 � p � 0.05 were assumed to
indicate a statistical trend. The STATATM 8.1 (Stata Corp,
College Station, TX) statistical package was used for all
analyses.

Results
Intergroup analyses (woodworkers vs controls)

In the present study, 92 woodworkers and 90 controls met
our inclusion criteria and were enrolled. The mean age of
the 2 groups was 39.5 years for the woodworkers (stan-
dard deviation [SD] 11.4 years) and 35.2 years for the con-
trols (SD 13.4 years); it differed significantly between the 2
groups (t test corrected for unequal variances; p = 0.018).
Twenty-five woodworkers and 27 controls reported a his-
tory of cigarette smoking (Fisher’s exact test; p = 0.74).
Nasal symptoms and major symptoms were reported by
57 (62%) and 27 (29%) woodworkers, and by 37 (41%)
and 22 (24%) controls, respectively. Fisher’s exact test dis-
closed a significant difference between the 2 groups in the
distribution of nasal symptoms (p < 0.00001; OR = 3.8;
95% CI, 1.96 to 7.39), and major symptoms (p = 0.017;
OR = 2.07; 95% CI, 1.05 to 4.14).

The cell counts on nasal cytology (Fig. 2), and the pres-
ence of bacteria and fungi in the woodworkers and controls
are shown in Table 1. The rhinocytograms were patholog-
ical for 58 woodworkers and 43 controls, with a trend
toward a significant difference (Fisher’s exact test; p =
0.05; OR = 1.86; 95% CI, 0.98 to 3.52). Neutrophils were
seen more frequently in the woodworkers’ nasal smears
(Fisher’s exact test; p = 0.001; OR = 2.86; 95% CI, 1.46
to 5.65) and this group’s mean neutrophil score was sig-
nificantly higher (Mann-Whitney test; p = 0.001) than in
the control group. Lymphocytes were also more common
in the woodworkers’ rhinocytograms (Fisher’s exact test;
statistical trend, p = 0.06). No other significant differences
emerged between the 2 groups in terms of the other cell
counts (Fisher’s exact test; eosinophils, p = 0.12; mast
cells, p = 0.59), or the presence of bacteria (Fisher’s ex-
act test; p = 0.31), or fungi (Fisher’s exact test; p = 0.3). A
neutrophilic rhinitis was diagnosed more frequently among
the woodworkers (40%) than in the control group (23%)
(chi-square = 5.97, p < 0.05). Eosinophilic rhinitis was
diagnosed in 2 woodworkers and 1 control, and mast cell
rhinitis in 1 woodworker and 2 controls.

Intragroup analyses (woodworkers)
There were no significant differences in their nasal symp-
toms when woodworkers were stratified by cell counts
(Fisher’s exact test; neutrophils, p = 0.46; lymphocytes,
p = 0.39; eosinophils, p = 1.00; mast cells, p = 0.47), or
presence of bacteria or fungi (Fisher’s exact test; p = 0.78
and p = 1.00, respectively).

Woodworkers who were cigarette smokers did not report
nasal symptoms (Fisher’s exact test; p = 0.33) or major
symptoms (Fisher’s exact test; p = 0.44) more frequently
than nonsmokers, nor did they have pathological rhinocy-
tograms more frequently (Fisher’s exact test; p = 0.55).

The mean period of wood dust exposure was 14.7 ±
12.3 years. The t test corrected for unequal variances dis-
closed a trend toward a significantly longer period of ex-
posure when lymphocytes were identified in woodworkers’
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FIGURE 2. MGG staining showing (A) normal rhinocytogram; (B) neutrophils and lymphocytes; (C) eosinophils; and (D) bacteria and goblet cells. Original
magnification ×400. MGG = May-Grunwald Giemsa.

TABLE 1. Participants found positive on nasal cytology among 92 WWs and 90 controls

Neutrophils Lymphocytes Eosinophils Mast cells Bacteria Fungi

Gradesa WWs Controls WWs Controls WWs Controls WWs Controls WWs Controls WWs Controls

0 23 44 77 84 84 87 83 84 74 78 90 85

1–4 69 56 15 6 8 3 9 6 18 12 2 5

aGrades were assigned by means of a semiquantitative grading method proposed by Meltzer and Jalowayski18 as follows: grade 0 (not visible); grade 1 (occasional
groups); grade 2 (moderate number); grade 3 (easily visible); and grade 4 (many of which cover the entire field of view).
WW = woodworker.

rhinocytograms (p = 0.06). There were no other signifi-
cant differences relating to the mean period of exposure
when woodworkers were stratified by the other cell counts
(t test corrected for unequal variances; neutrophils, p =
0.62; eosinophils, p = 0.63; mast cells, p = 0.26), by the
presence of bacteria or fungi (t test corrected for unequal
variances; p = 0.58 and p = 0.61, respectively), or by nasal
symptoms (Fisher’s exact test; p = 0.77).

Personal exposure levels were �1 mg/m3 in 68 wood-
workers and >1.0 mg/m3 in 24. None had levels of ex-
posure to wood dust in excess of 5.0 mg/m3. There were
no significant differences in personal exposure levels when
woodworkers were assessed according to their nasal symp-
toms (Fisher’s exact test; p = 0.12), cell counts (Fisher’s
exact test; neutrophils, p = 0.11; lymphocytes, p = 0.33;
eosinophils, p = 0.67; mast cells, p = 1.00), or presence
of bacteria or fungi (Fisher’s exact test; p = 0.13 and p =
1.00, respectively).

In the present investigation, 32 woodworkers (34%) re-
ported using only 1 species of wood (softwood in 7 cases,
hardwood in 25), whereas the other 60 (66%) used more
than 1 species. No significant differences in nasal symp-
toms, cell counts, or presence of bacteria or fungi emerged
between these 2 subgroups of woodworkers.

Discussion
Occupational exposure to wood dust may cause various
diseases, the most common being chronic bronchitis and
nonasthmatic chronic airflow obstruction. The incidence
of these conditions seems to vary with the type of wood,
the manner in which it is handled, and climatic conditions.
20 Nasal complaints have frequently been reported in oc-
cupational groups exposed to wood dust, which appears
to modify nasal physiology in terms of mucociliary activ-
ity and airflow resistance on rhinomanometry.21 Evidence
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from nasal lavage fluid analyses in woodworkers has sug-
gested that wood dust may act as a mucous membrane
irritant, causing a chronic inflammatory response.22

The primary endpoint of the present investigation was
to use nasal cytology to compare a group of woodwork-
ers with a group of controls to see if wood dust exposure
correlated with specific patterns of inflammatory or infec-
tious rhinitis. Nasal cytology on nasal mucosa obtained by
scraping is a low-cost technique: slides can easily be stained
with MGG and examined under the light microscope in an
outpatient setting. The main strengths of our study lie in the
numerosity and homogeneity of the series considered (all
males with no medical history of rhinitis or nasal surgery,
who underwent personal sampling of inhalable wood dust).
The main weakness relates to the cross-sectional design that
is not ideal for studying chronic wood dust exposure.

The woodworkers in our sample reported significantly
more nasal symptoms (62%) than controls (41%). The
distribution of symptoms found in our study is compa-
rable with other reports: approximately 50% of work-
ers in wooden furniture industries complain of nasal
discomfort.9,10

Considered woodworkers also had pathological rhinocy-
tograms (see definition in Subjects and Methods) signif-
icantly more frequently than controls. Even though this
difference indicated a trend toward a significant differ-
ence, it has to be noted that a considerable part of our
controls (48%) showed an altered rhinocytogram. On the
other hand, a neutrophilic rhinitis was diagnosed definitely
more often in the woodworkers than in the control group.
The mean neutrophil score was significantly higher in the
nasal smears of woodworkers than in controls, and the
woodworkers’ lymphocyte score was higher too, though
the difference did not reach statistical significance. These
findings are consistent with a picture of chronic inflamma-
tory rhinitis disclosed by nasal cytology in woodworkers.
In agreement with our results, Holness et al.23 found more
inflammatory cells in cabinetmakers’ nasal smears than in
those of control workers. In an article published in Italian,
Porro et al.24 also investigated cabinetmakers’ nasal cytol-
ogy (on nasal mucosa obtained by scraping), but found no
significant differences in the cytograms of the exposed and
unexposed subjects. Other studies on the nasal cellularity
of woodworkers analyzed nasal lavage fluids: (1) Ahman
et al.16 studied Arts teachers exposed to wood dust and
found that their neutrophil counts did not differ signifi-
cantly from those of controls; (2) Priha et al.25 studied the
nasal lavage obtained from woodworkers before and af-
ter a working shift, and found no differences in their cell
counts. Such contradictory results may be due to the differ-
ent sampling methods used (we scraped nasal mucosa from
the inferior turbinate, not nasal lavage). It is also worth
mentioning that a marked variability in nasal lavage pa-
rameters has been reported in repeated collections.26 We
opted for nasal scraping rather than nasal lavage because
we collected samples at the workplace and samples are eas-
ier to handle.27

Our secondary endpoint was to identify any differences
in our woodworkers’ nasal symptoms or nasal cytology by
period of exposure (in years) or personal exposure level.
Most (66%) of the woodworkers handled more than 1
species of wood. Woodworkers with lymphocytes in their
nasal smears had been exposed to wood dust for longer
periods (with a trend toward a significant difference): this
finding suggests that wood dust may act as a chronic irritant
in the nasal mucosa.

In our study, personal sampling of the inhalable frac-
tions of wood dust disclosed no cases in which values ex-
ceeded the limit of 5 mg/m3 imposed by European and
Italian legislation. The European Directive 2004/37 (Euro-
pean Union28) establishing this exposure limit of 5 mg/m3

for hardwood and mixed wood dust emphasizes that it is
the inhalable fraction that must be sampled. On the other
hand, 26% of our woodworkers exposed had personal lev-
els of exposure to wood dust beyond the limit of 1 mg/m3

permitted by the American Conference of Governmental In-
dustrial Hygienists (ACGIH)29 and the National Institute
of Occupational Safety and Health (NIOSH). We found
no differences in nasal symptoms when woodworkers were
stratified by levels of personal exposure. This is consistent
with the reports from most authors who found that subjects
exposed to wood dust had more nasal complaints than un-
exposed controls, but the more heavily exposed of the for-
mer did not have more severe nasal complaints than the less
heavily exposed.3,7 Ahman et al.13 found that nasal symp-
toms correlated weakly with the percentage of inhalable
dust in a series of 39 woodwork teachers. Schlünssen et al.12

reported a significantly more severe self-rated nasal obstruc-
tion in their 2 most heavily exposed subcohorts among a
series of 161 woodworkers.

In the present series, we found no significant differences
in the cell counts when the woodworkers were stratified
by level of exposure to wood dust. Similar results were
reported by Borm et al.,14 who assessed the nasal lavage
of 930 woodworkers and found no significant differences
in nasal cellularity between the exposure classes identified.
This poor correlation with exposure levels may be due to a
selection bias intrinsic in cross-sectional studies.8 Clearly,
a personal sampling procedure lasting one 8-hour working
day may not be representative of the wood dust levels ex-
perienced previously. Exposure may vary significantly day
by day, also depending on the type of wood, the manner
in which it is handled, and the climatic conditions at the
time.

Conclusion
A significant proportion of the woodworkers considered
in the present investigation revealed a chronic form of in-
flammatory rhinitis on nasal cytology, with higher neu-
trophil and lymphocyte counts than controls. However,
an important part of our controls (48%) showed al-
tered rhinocytograms according to our preliminary defi-
nitions. Nasal cytology should be further investigated in
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woodworkers before considering it as a routine screening
method for identifying woodworkers with chronic inflam-
matory rhinitis.
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