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Abstract

Purpose Theam of this study was to examine the effects of persulphate on the nasal
mucosa and on the immune cells in hairdressers suffering from bleaching powder
associated rhinitis (BAR) versus subjects with rhinitis not previously exposed to
bleaching powder.

Methods Fifteen hairdressers (S) with BAR, 14 without symptoms (WS) and 12 atopics
(A) with rhinitis but without exposure to bleaching powder were studied. Each performed
anasa challenge with persul phates. Effect parameters were symptom score, acoustic
rhinometry, albumin in nasal lavage, subpopulations of lymphocytesin blood and
specific serum antibodies.

Results The S group had a post-challenge increase in nasal symptoms and nasal lavage
albumin. The A group reacted to alesser intent. The Sand A groups showed an increase
in Thl cells. An HLA class | cell expression was noticed in both groups of hairdressers.
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No evidence of atype 1 reaction (immediate type) to persul phate was noticed.

Conclusions Persulphate challenge affects hairdressers with BAR, but also atopics. The
reaction may be driven by a Thl cell activation.

Keywords Bleaching powder - Hairdressers - IgE - Nasal
challenge - Persulphate - Rhinitis

Introduction

Hairdressers are frequently exposed to several potential agents which areirritating to the
airways and promote immune-mediated reactions. Epidemiological studies have shown
an increased risk for work-related airway symptomsin hairdressers (Leino et al. 1997,
1998; Albin et a. 2002; Brisman et a. 2003). Albin et a. (2002) showed that among the
hairdressers who could point out a causal agent for the symptoms from the airways, more
than 80% named the bleaching powder.

Bleaching powder contains persul phates, agents earlier shown to be associated with
occupational asthma although the mechanism has not elucidated (Parraet al. 1992;
Macchioni et al. 1999; Menoz et al. 2003; Moscato et al. 2005). However, in hairdressers,
rhinitisis more frequent than asthma (Albin et al. 2002; Brisman et a. 2003). The
association between persulphate exposure and rhinitis has not been extensively studied.
The mechanism for development of bleaching powder associated rhinitisis still unclear
and relevant diagnostic methods are lacking. These challenges make vocationa advising
of symptomatic hairdressers difficult.

The aim of this study was to examine the effects of persulphate on the nasal mucosa and
on the immune cellsin hairdressers who primarily suffer from bleaching powder
associated rhinitis versus subjects with rhinitis who has not been previously exposed to
bleaching powder.

Material and methods

Subjects

Three groups were studied. The target group consisted of female hairdressers with nasal
symptoms mainly related to bleaching powder (S, n = 15). Two comparison groups were
employed, one of female hairdressers (WS, n = 14) without symptoms, another of atopic
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(by history) females without professional contact to bleaching powder (A, n = 12). None
of the hairdressers had a history of atopy. At the time of the challenge, no subjects were
taking alergy medications. Participantsin the S group were chosen as those from a group
of 33 hairdressers complaining of nasal symptoms related to bleaching powder. The
fifteen S group participants were deemed to have the worst symptoms associated with
bleaching powder. The inclusion and exclusion criteria can be seen in Table 1. The study

was approved by the local ethical committee. Study participants gave written informed

consent.

Table 1 Criteria of the participating groups, symptomatic (S) and asymptomatic hairdressers

(WS) and atopics (A)

Sgroup (n =15)

WSgroup (n = 14)

A group (n=12)

Inclusion criteria

Only work-related
nasal symptoms from

No work-related

No exposure to
bleaching powder

bleaching powder airway symptoms Nasal symptoms
Atopy by history
Asthma Asthma
Exclusion criteria Asthma
Atopy by history Atopy by history

The mean age in each group wasin the S group 39 (SD 8), in the WS group 38 (SD 12),
and in the A group 39 (SD 12) years. The hairdressers had been employed as such for

17 years (mean, SD 6 inthe Sand 12 in the WS group). The exposure time until
appearance of symptomsin the S group was 8 years (mean, SD 5). Four subjectsinthe S
group, two in the WS and all but two in the A group showed a positive standard skin
prick test. There were no smokersin group A, threein group S and four in group WS. In
the S group, 12 subjects had nasal blockage, 11 had a runny nose, and 12 sneezing. The
corresponding figures for group A were 12, 10 and 9. Although the inclusion criteria was
that the hairdressers should not have any known alergies, four hairdressersin the S and
two in the WS groups showed a positive reaction to common allergens. Two participants
in the atopic group had no positive reaction in spite of having alergy symptoms.

Medical examination before challenge
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A standardized interview was conducted with a physician. Thisincluded amedical and
occupational history, questions about atopy and smoking habits. Airway related
symptoms and their relationship to the workplace were thoroughly discussed. Work-
related symptoms were defined as those worsened at the workplace and/or recovery
during weekends or holidays away from the workplace. Atopy by history was defined as
having a history of hay fever, asthma or atopic eczemain childhood or adolescence. A
physical examination was performed including rhinoscopy to exclude any nasal condition
that may mimic or generate rhinitis-like symptoms.

Skin prick test with 13 common allergens (ALK, Copenhagen, Denmark) was performed.
Furthermore, the hairdressers were tested stepwise with fresh solutions [0.05, 0.1 and
0.5% (w/v)] of potassium persulphate in sterile water. The reaction was read according to
Aas and Belin (1973). Positive reactions were scored when the area of the wheal was at

least half of that induced by a histamine solution (10 mg/mL).

Specific nasal challenge

The nasal challenge was performed with a 0.001% fresh solution of potassium
persulphate in isotonic saline solution, and after 20 min with a 0.01% solution (w/v)
using a De Vilbiss spray (atomizer No. 15) as earlier described (Andersson et al. 1987).
A total of 300 g of each solution was sprayed into the nasal cavities by turns. The
spraying was performed immediately after a maximal inspiration to prevent the solution
from entering the lower airways (Melillo et al. 1997).

Nasal symptoms were recorded using a score system according to Malm et al. (1981)
before, 15 min after each challenge, 2 and 5 h after the last challenge. Nasal blockage and
secretions were each rated on a scale 0—-3 (no symptoms = 0; severe symptoms = 3). The
rating was performed for each nose cavity and then the average was used. The number of
sneezes was counted and scored (no sneeze attacks=0; 1-5=1; 6-15=2; >15=3). A
combined nasal symptom score was calculated by addition of the score for each
symptom.

When the reaction of individual subjects were studied, a significant response was defined
as a subject increasing in total symptom score more than three standard deviations from
the mean change in the WS group.

Acoustic rhinometry (AR) was performed using a RHIN 2000 (RhinoMetrics A/S,
Lynge, Denmark) according to Hilberg and Pedersen (2000). The anatomical nosepieces

were chosen according to the shape of the subject’ s nostril. The probe was handheld; the
subject sat in an upright position with the neck fixed breathing quietly through the mouth.
During the measurement the subjects held their breath. The room was quiet and the room

temperature was standardized. The Minimum Crossectional Area (MCA) in cm? was
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measured in the distance of 10-32 mm from the nares before the first challenge, 15 min
after thisand 15 min, 2 h and 5 h after the second challenge. Three consecutive approved
measurements for each nostril were performed and the mean value was registered for
each side of the nose. Data on nasal dimensions are presented as the mean value of the
values for the right and the left side of the nose.

A nasal lavage was performed twice before the first challenge and 20 min, 2hand 5 h
after the second challenge directly after the rhinometric measurement. The first lavage
was performed to wash out mediators devel oped by processes before the challenge. The
second lavage before the challenge was used as the baseline for the post-challenge
samples. The lavage was performed with a syringe attached to a nasal olive (Nasaline;
ENTpro AB, Stockholm, Sweden). Fifteen milliliters of sterile isotonic saline solution at
35°C was introduced into the nasal cavity with the patient sitting in aforward flexed
neck position. The transmission was stopped when solution appeared in the opposite
nostril. The solution was sucked backwards into the syringe and injected again. This
procedure was repeated three times in the left and the right nostril alternately. The

samples were immediately cooled and frozen at —70°C.

Analysis of nasal lavage and blood tests

The levels of albumin, eosinophil cationic protein (ECP) and myeloperoxidase (MPO) in
the supernatants of the nasal lavage fluids were analyzed by double antibody
radioimmunoassay. The level of tryptase was analyzed by a double antibody
fluoroenzyme immunoassay. These assays are available as commercial kits (Pharmacia
Diagnostics AB, Uppsala, Sweden). The detection limit for albumin was 0.4 mg/L, for
ECP 2.0 «g/L, for MPO 2.0 «g/L and for tryptase 1.0 «g/L.

Venous blood was collected before the challenge and 5 h after the last challenge. One
tube without additives was centrifuged and the serum was frozen at —20°C for analysis of
specific antibodies of IgE class. Samples were aso taken in tubes with heparin and with
EDTA, respectively, for blood cell analysis within 6 h after blood sampling.

Analysis for specific IgE antibodies against persul phates was performed by specific
immunobl otting (Johannesson et al. 2001). Aliquots of the conjugate with persulphate
and proteins from nasal lavage fluid (NLF) were separated by 4-12% SDS-PAGE. The
proteins were blotted to a preconditioned PV DF (polyvinylidene difluoride) membrane
(Biorad, Hercules, CA, USA) using a Semidry Electroblotter A (Ancos, Kabenhavn,
Denmark) at 150 mA for 3 h. The membrane was then blocked by incubation in 5% dried
milk. Serafrom the hairdressers were used as primary antibodies. The secondary
antibody was 1125 |gE. The membranes were wrapped in cellophane and exposed on CEA
RP X-ray film (CEA group, Strangnas, Sweden) for 1 month.
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Flow cytometry was used to measure the concentration of leukocytes, lymphocytes and
lymphocyte subpopulations. L eukocyte popul ations were distinguished by their light-
scattering abilities; forward scatter reflects the cell size and side scatter reflects the
complexity/granularity. The different lymphocyte populations distinguished were T cells
(CD3+), T helper (Th) cells (CD3+, CD4+), T cytotoxic cells (CD3+, CD8+), B cells
(CD19+) and NK cells (CD3-, CD16+or CD56+). Also HLA-DR expression on
lymphocytes and on the T cell subpopulation was determined (Syk et al. 1999). In short,
samples of 5 L of fluorescence-labeled monoclonal antibodies were added to 50 <L of
blood and incubated for at least 10 min. The erythrocytes were then lysed by

I mmunoprep (Coulter, Miami, FL, USA), and the sample analyzed on a flow cytometer
(Coulter Epics |1, Coulter Electronics, Hialeah, FL, USA).

Analysis of Thl and Th2 lymphocytes was done by measurement of the intracellular
expression of the cytokines interferon-y and IL-4 using flow cytometry (Jung et al. 1993;
Picker et a. 1995). A minimum of 3,000 cells was analyzed within the lymphocyte
cluster, and the results are expressed as a percentage of cytokine-producing cellsin a
population of specified T helper cells, i.e., CD3 and CD4 positive cells (Kallstrom et al.
2002).

Statistical analysis

Wilcoxon's signed rank test was used to compare paired data, whereas Mann—Whitney’s
U test was used in tests between the groups. Stratification was used to adjust for possible
confounding factors. P value of <0.05 was considered significant (two-tailed). Datawere
analyzed by SPSS for Windows 12.0 (SPSS Inc., Chicago, IL, USA). Stratification was
done using StatXact 6 (Cytel Software Corporation, Cambridge, USA).

Results

In skin prick testing of the hairdressers, there was no reaction to persul phates. Before the
challenge, the S group had a higher total score than the other groups. The A group had
the next highest and both S and A differed from the WS group (Table 2). The S group
had a significant increase in the total symptom score during and 2 h after the last
challenge. The A group symptom score increased only during the challenge. No increase
was noted within the WS. The smokers and the skin prick test positive subjects did not
differ from the rest of their groups, respectively, (data not shown). When individual
subjects were studied, six subjectsin the S and two in the A group reacted significantly to
the challenge.
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Table 2 Total symptoms score (the combined score from nasal blockage, secretion and number
of sneezes; median), before, during and 2 and 5 h after nasal challenge with persulphates in
symptomatic (S) and asymptomatic (WS) hairdressers and in atopics (A)

Sgroup WS group A group
(n =15) (n=14) (n=12)
Baseline 2.0 0 0.5"
15 min after challenge 1 |4.022 0 1.54
15 min after challenge 2 |5.0%a 0 2.58
2 h after challenge 2 3.02 0 0.5
5 h after challenge 2 2.0 0 1.5

*kk

Significant differences between WS group and S and A groups, respectively, * P < 0.05,
P <0.001

Significant differences within the groups compared to the baseline 2 P < 0.05 22 P < 0.01 aaa
P <0.001

The results of the acoustic rhinometry showed a decrease in MCA of 7% after the first
and 14% after the second challenge in the S group compared to the baseline level (0.96;
0.58-1.65 vs. 0.83; 0.53-1.41 cm2; median and range). In the A group, atransient
decrease of 14% was noticed after the first challenge, but the group returned to baseline
after the second one. Otherwise there were no changes in the groups compared to the
baseline levels.

Albumin in the first lavage fluid was raised in both the S and the A groups compared to
the WS group (Table 3). The differences were not statistically significant when adjusted

for smoking. At the second pre-challenge lavage, all three groups showed adecreasein
albumin levels. Twenty minutes after the second challenge, albumin levels transiently but
significantly increased in the S group (Table 3). In the two groups of hairdressers, there

was no difference amongst the current smokers and the skin prick test positive subjects.
Table 3 Albumin (median; range) in nasal lavage fluid
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Albumin, mg/L (Sn giollg)’ \(’XE 91r4c)’“p @] gz“i‘g’
TimeO 55(0.4-21.6) |3.4* (0.6-20.2)  [13.0(0.7-39.7)
Basdline 1.90(0.2-17.0) [1.2(0.05-4.0) 3.1(0.7-17.7)
20 min after challenge 2 |4.12(0.0-21.2) [1.5 (0.1-9.3) 2.6 (0.4-14.1)
2 hafter challenge2  [2.7(0.0-35.9) [1.82(0.3-36.2) 1.9 (0.7-15.9)
5hafter challenge2  [4.8(0.3-51.1) [2.2(0.4-45.6) 4.4 (0.6-21.6)

Groups and nasal challenge like in Table 2

Significant differences between the groups WS and A, * P < 0.05
Significant differences within the groups compared to the baseline, 2 P < 0.05
b14 persons

No statistically significant differencesin ECP levels appeared between the groups or in
relation to the challenge (Table 3). For MPO, no significant differences were found
between the groups at time 0. After the first lavage, a decrease was observed in all three
groups. Thereafter a gradual increase was noticed during the observation time. No
differences were noticed between the groups (data not shown). None of the subjects had
elevations of tryptase levels above the detection level.

No significant differences between the groups were found for any of the cell populations
studied (Tables 4, 5, 6). In al three groups, the concentrations of lymphocytes and

leukocytes in blood increased significantly from before to after the challenge (Table 4).

The result suggests that the increase in lymphocytes was more prominent in group S and
A.

Table 4 Concentrations of leukocytes and lymphocytes in peripheral blood (median; range) pre-
and 5 h post-challenges with persulphates. Groups like in Table 2
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Sgroup WS group A group
(n=15) (n=14) (n=12)

Leukocytes x 109/L

Pre-challenge 7.0(3.4-11.4) |5.8(4.7-6.9) 6.7 (3.4-8.2)

5-h post-challenge|8.22 (3.7-12.9) |6.982(5.1-9.2) 7.222(4.6-8.8)

Lymphocytes x 109/L

Prechdlenge  [2.6(1.3-37) [2.4(1.3-4.8) 2.0(1.1-3.8)

5-h post-challenge 3.3% (1.4-4.3)  [2.52(1.2-3.9) 2.62(1.5-3.5)

Significant differences within the groups from pre- to post-challenges 2 P < 0.05 22 P < 0.01

Table 5 Portion of Thl and Th2 lymphocytes and HLA-DR expression on T lymphocytes
(median; range) pre- and 5-h post-challenges with persulphates

Sgroup WS group A group

Blood (n = 15) (n = 14) (n=12)

Thlin % of CD4+ cdls

Pre-challenge 17.0(9.9-30.0) |15.5(7.8-29.0) 15.5(11.0-43.0)

19.02 (11.0—

5-h post-challenge 36.0)

15.0 (11.0-30.0)  |19.0 (11.0-38.0)

Th2 in % of CD4+ cdlls

Pre-challenge |2.9 (0.8-4.7) |2.4 (1.3-4.8) 2.0 (1.2-9.4)
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5-h post-challenge

3.0(0.84.9) |2.5 (0.9-4.5) 2.1(1.1-8.1)

HLA-DRT cells x 109/L

Prechallenge  |0.11 (0.04-0.71) [0.10 (0.04-0.28)  [0.11 (0.03-0.46)

0.122 (0.04—

5-h post-challenge 0.81)

0.123(0.02-0.43) |0.10 (0.04-0.61)

Groups like in Table 2

Significant differences within the groups from pre- to post-challenges, 2 P < 0.05

Table 6 Distributions of lymphocyte subpopulations in peripheral blood pre- and 5-h post-
challenges with persulphates

WS group A group

Blood Sgroup (n = 15) (n = 14) (n=12)

CD 3T cells%

Prechdlenge  |75.0 (67.0-87.0) |75.5(66.0-86.0) |74.5 (58.0-90.0)

5-h post-challenge [75.0 (68.0-86.0) [74.0 (66.0-87.0) |74.5 (63.0-86.0)

CD 3.4 T helper cells%

Prechdlenge  |48.0 (37.0-58.0) [45.0 (34.0-56.0) |47.0 (37.0-66.0)

5-h post-challenge [48.0 (41.0-59.0) [45.0 (38.0-61.0) [50.0 (37.0-62.0)

CD 3.8 T Cytotox %

Pre-challenge |28.0 (15.0-34.0) |27.5 (9.1-40.0)  |23.5(12.0-37.0)
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25,08 (12.0—
36.0)

23.0%2 (9.1—

5 h post-challenge 36.0)

25,02 (7.8-35.0)

CD16 + CD56 NK cells%

Pre-challenge 11.0(2.8-19.0) 9.8 (3.4-26.0) 8.5 (4.4-23.0)

5 h post-challenge |11.0 (1.0-16.0) 8.8 (4.2-21.0) 12.5 (6.7-18.0)

CD 19B cells%

Prechalenge  |10.0(3.0-15.0) [8.1(4.7-17.0) 8.1 (0.6-16.0)

5-h post-challenge (9.02 (4.3-18.0)  [7.7 (5.5-19.0) 8.5 (0.9-16.0)

Groups like in Table 2

Significant differences within the groups pre- and post-challenges, 2 P < 0.05 @ P < 0.01

The Thl cellsincreased after challenge in the S group. The Th2 cells did not increase.
The same tendency was observed in the A group athough this was not significant. No
changes were seen in the WS group (Table 5). With regard to HLA class |1 expression

(DR) on T cells after challenge, there was a significant increase in both the S and the WS
group. Thus, there was an increase in HLA-DR expression in T cells, which reflects
activation in both groups of hairdressers, but not in the atopics.

The portion of T helper cellsin the circulation remained unchanged after challenge
indicating that the increase in lymphocyte concentration was dependent mainly on
expansion of the T helper cell population (Table 6). However, the concentration of T

cytotoxic cells was unchanged; therefore, the percentage of T cytotoxic cells was
decreased after challenge. These changes were seen in al three groups. A small increase
in B cell concentration was also seen, although the portion of B cellsfalls alittle due to
theincreasein T cells. Thisalteration in cell concentration was significant for both the S
and A group. There were no changes in numbers of NK cells (Table 6).

No IgE antibodies were detected at immunoblotting using persulphate modified nasal
proteins as alergens in the serain any of the groups.
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Discusssion

To our knowledge, thisisthe first study that compares the effects of nasal challenge with
persulphate in hairdressers with symptoms predominantly associated to bleaching powder
to atopics without exposure to persulphates. Nasal symptoms increased in both the
symptomatic hairdressers and the atopics, but not in the asymptomatic group. The S
group developed the most symptoms and arise in albumin in the nasal lavage liquid,
which was not found in the A group. In spite of alow challenge dose, persulphates had
an impact on the mobilization of specific types of immune cellsin the blood circulation,
such as Thl cellsin the S group, but the change only marginally differed from that of the
A group. No subjects reacted to the skin prick test with the persulphate solution. The
immune blotting study showed no signs of specific antibodies. Thus, this study does not
demonstrate an IgE mediated allergic reaction to persulphate in the symptomatic
hairdressers.

Because the A group was not earlier exposed to bleaching powder, the reaction in this
group is probably not specific. A positive reaction to persul phate in a non-persulphate
exposed asthmatic was also reported by Menoz et al. (2004). The stronger reaction of the
S group may indicate areaction to persulphate that is different from that of the atopics.
However, it is more likely that the hairdressers who had more symptoms before the
challenge had a less specific reaction to persul phates than group A. This point of view
supports the results from an earlier study (Hytonen et al. 1997), in which specific

reactions to persulphates were rare. Thus, we think that at least most of the reactions
among the hairdressers a'so may be of a not specific nature.

In this study, we only challenged subjects with potassium persulphate. Hairdressers are
often exposed to other persulphates as well. Thus, reactions to those types of persul phates
may have been missed. However, immunologic differences between the used

persul phates have not been indicated (Pang and Fiume 2001). Menoz et al. (2004)

showed that persulphate sensitive asthmatics reacted in skin prick test equally to
potassium and ammonium persul phates.

In spite of the clear association between exposure to bleaching powder and symptomsin
the medical history, the hairdressers who did not react significantly in the challenge test
may react to agents other than persulphates in the hairdresser environment. Thus,
Hollund et al. (2002) found that more than 5% of the hairdressersin a cross sectional

study had allergy to latex. The same figure was mentioned by Moscato et al. (2005), even
if inthislater study persulphate was by far the most frequent causative agent.

None of the participants in the study reacted in the skin prick test to persulphate. In our
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clinic, we infrequently find positive tests in hairdressers with bleaching powder
associated asthma. In the study of Moscato et al. (2005) no positive skin prick test was

found, whereas half of the patients with asthmain the study of Menoz et al. (2004) were

positive. A positive skin prick test may not necessarily mean demonstrable specific
antibodies. Aato-Korte and Mé&kinen-Kiljunen (2003) found seven out of 138 patients

tested with persulphates to have positive skin prick tests. Only one of five tested sera had
demonstrable antibodies. Thus, the mechanism of persul phate associated reactionsis not
clear even if apositive skin prick test has been recorded.

All three groups had an increase in white blood cells post-challenge, which may be
explained by something else other than that of the challenge. However, some differences
in lymphocytes subpopul ations were noticed. The S group had an increase of T helper
cells, particularly Thl cells. In addition, an increase in activated T cells assessed by HLA
class || expression was observed. The changes only marginally differed from those of the
A group, whereas the changesin the WS group were minimal. This indicates an effect of
the challenge in the two symptomatic groups in spite of the low challenge dose.

An association has earlier been described between levels of Thl cells and exposure to
other reactive low molecular agents in animals (isocyanates and ozone, van Loveren et al.
1996). It was hypothesized that Thl cells after exposure to these agents may play arole

in induction of asthmatic disorders of non IgE origin. Thus, the increasein Thl cellsas
noticed in our study may be a part of the process of hyperreactivity. It iswell known that
high exposure to irritants can cause bronchial as well as nasal hyperreactivity (Rom
1992; Leroyer et a. 1999; Banauch et a. 2005) although the exact mechanism is not

clear. However, amost nothing is known about chronic low irritant exposure and the
development of hyperreactivity. Thereis aneed for such studies.

In conclusion, we showed that challenge with persulphates can elicit symptoms in
hairdressers with bleaching powder associated rhinitis, but also to some degree in atopics
without exposure to bleaching powder. No signs of involvement of specific IgE
antibodies against persul phate were found. An increase in Thlcells was noticed in both
groups indicating areaction driven by a Thl cell activation. However, further studies are
necessary to understand the mechanism for bleaching powder associated symptomsin
hairdressers.
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