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ABSTRACT
Objectives: To investigate sensitisation and respiratory
health among workers who produce liquid detergent
products and handle liquid detergent enzymes.
Methods: We performed a cross-sectional study among
109 eligible workers of a detergent products plant. 108
were interviewed for respiratory and allergic symptoms
and 106 blood samples were taken from them to examine
sensitisation to enzymes. Those sensitised to >1
enzymes were referred for clinical evaluation. Workers
and representatives were interviewed to characterise
exposure qualitatively and estimate exposure semi-
quantitatively. Workers were classified into three expo-
sure groups with varying exposure profiles to enzymes,
based on frequency, duration, and level of exposure.
Results: Workers were exposed to proteases,
a-amylase, lipase and cellulase. The highest exposures
occurred in the mixing area. Liquid spills with concen-
trated enzyme preparations and leakage of enzymes
during weighing, transportation and filling were causing
workplace contaminations and subsequently leading to
both dermal and inhalation exposure for workers.
Workers with the highest exposures reported significantly
more work-related symptoms of itching nose (prevalence
ratio (PR) = 4.2, 95% CI 1.5 to 12.0) and sneezing
(PR = 4.0, 95% CI 1.5 to 10.8) and marginally significant
more symptoms of wheezing (PR = 2.9, 95% CI 0.9 to
8.7) compared with the least exposed group.
Fifteen workers (14.2%) were sensitised to >1 enzymes.
A marginally statistically significant gradient in sensitisa-
tion across the exposure categories was found
(p = 0.09). There was a clinical case of occupational
asthma and two others with probable occupational
rhinitis.
Conclusions: Workers exposed to liquid detergent
enzymes are at risk of developing sensitisation (14%) and
respiratory allergy.

Occupational asthma (OA) in the detergent
industry was first reported in 1969 and associated
with exposure to dust of proteolytic enzymes.1 2

Occupational allergies were considered to be under
control as a result of encapsulation of enzymes and
improved hygiene in the 1970s3 4 and evidence
exists for a reduction of OA risk.5 6 Despite these
measures, sensitisation could not be totally pre-
vented4 and new outbreaks of OA have been
reported due to detergent enzymes exposure.7 8

This study was occasioned by the occupational
health service of a liquid detergent production
plant which, in a pilot study, reported that three
out of 12 highly exposed workers were sensitised to
detergent protease (Savinase).

As far as we know, no occupational respiratory
allergies have been reported in detergent produc-
tion industries related to liquid detergent enzymes.
The novelty of the present study is that it was
conducted in a detergent plant producing liquid
detergents using only liquid enzymes. The plant
never produced powdered detergent products and
neither used powdered nor encapsulated enzymes.
This study was conducted among all workers in
the plant who were potentially exposed to liquid
detergent enzymes. The first aim of this study was
to investigate sensitisation among workers hand-
ling liquid detergent enzymes and secondly, the
respiratory health among sensitised workers.

MATERIAL AND METHODS
Study design, setting and participants
In March 2006 we conducted a cross-sectional
study among 109 eligible workers who were
potentially exposed to liquid detergent enzymes
in a plant producing liquid detergents. We obtained
written, informed consent from 108 (99%) workers
who completed the questionnaire. From 106 (97%),
blood samples were taken. One worker refused for
personal reasons to participate in the study and
two other workers who completed the question-
naire refused to provide a blood sample.

Before 1992 the plant produced several liquid-
based but enzyme-free, detergents and cleaning
products such as shampoo, liquid abrasives and
washing-up liquid. Liquid enzymes were first

What this paper adds

c Occupational allergies have been reported due to
detergent enzymes exposure.

c No occupational respiratory allergies have been
reported in detergent production industries
related to liquid detergent enzymes.

c The aim of this study was to investigate
sensitisation among workers handling liquid
detergent enzymes, and the respiratory health
among sensitised workers.

c Exposure to liquid detergent enzymes should be
regarded as an occupational risk leading to
airway symptoms, sensitisation and
occupational allergy.

c Exposure to liquid detergent enzymes should be
minimised, health surveillance should be offered
to exposed workers and development of non-
commercial validated immunoassays for specific
enzyme allergens is warranted for screening and
monitoring purposes.
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introduced around 1992 to improve the cleaning power of the
liquid detergents. Granulated enzymes have never been used in
this company.

The plant produces only liquid detergents (SD 60.000 metric
tons in 2005) and uses proteases, amylases, lipase and cellulases
(table 1) (totally 540 883 kg in 2005). The production of
detergents includes: (1) weighing and transporting ingredients
to the tubs including concentrated liquid enzymes; (2) adding
the ingredients to the tubs and mixing with water; and (3)
filling of bottles. Several meetings were held to inform workers
about the goal of the study.

Exposures
Historic exposure data were not available and exposure to
enzymes at this point in time could not be measured because
appropriate immune assays for these allergens were not
available. As a consequence, a semi-quantitative exposure
assessment was performed. We observed the workplace and
interviewed workers and representatives to characterise current
exposure to enzymes qualitatively and estimate exposure semi-
quantitatively. We identified all tasks with potential enzyme
exposure and scored them by frequency, duration of exposure
and enzyme concentration of the handled product. Both
inhalation and dermal exposure were considered.
Subsequently, we created several groups of workers with
various levels of enzyme exposure based on this semi-
quantitative exposure assessment, by assigning all tasks to
different job categories.

Exposure was assigned blindly to the workers’ status of
sensitisation. All workers were classified into three groups with,
respectively, high, moderate and low exposure to enzymes. The
high exposure group handled concentrated enzyme products
and was potentially exposed during the entire working day. The
moderate exposure group handled diluted enzyme products and
exposure was limited to a few tasks during the working day.
The low exposure group was only incidentally exposed to
enzyme products.

Besides exposure to detergent enzymes some other poten-
tially harmful exposures occurred. Some ingredients have been
labelled as irritants (eg, perfumes and preservatives used in the
detergents). Other sensitisers cannot be excluded in a few
products (especially some preservatives), but compared to the

liquid enzymes, the amounts used are low and these substances
have been reviewed as potential causes of sensitisation in
individual clinical cases.

Questionnaire
Participants completed a self-administered standardised ques-
tionnaire supplemented with questions about respiratory,
mucous membrane, atopic symptoms and work history. The
questionnaire was based on items described in the detergent
industry9 and some of the questionnaire items were taken from
the European Community Respiratory Health Survey (ECRHS).

Serology
We assessed total serum IgE and specific IgE reactions to a panel
of common environmental allergens (house dust mites, cat, dog,
grass and birch pollen).10 A total IgE of .100 kU/l and/or at
least one positive reaction to common allergens was defined as
atopy. For some of the enzymes no validated serology tests were
available and therefore two different approaches were taken to
assess sensitisation. First, by a low-cost ‘‘in-house’’ developed
enzyme immunoassay and second, by a customised
ImmunoCAP system at the German Social Accident Insurance
(BGFA), Institute of the Ruhr University of Bochum in
Germany.

For the in-house assay all liquid enzyme solutions, except
Carezyme and Endolase, were dialysed against PBS using
dialysis hoses 8000 MWCO (Spectrapor Cat. No. 132131)
(Spectrum Laboratories Inc., Rancho Dominguez, California,
USA) to remove low molecular weight additives. The dialysed
supernatants were harvested and stored at 220uC. A micro-
titreplate-based enzyme-linked immunoassay was applied,
using a polyclonal rabbit anti-human IgE/swine anti-rabbit-
horseradish peroxidase IgE detection system. The optical
density was used as readout relative to blank samples where
levels more than four times the standard deviation were
considered as positive.

ImmunoCAP system
Specific IgE to the enzymes was measured using Streptavidin
ImmunoCAPs and fluorescent enzyme immunoassay on an
ImmunoCAP 250 system (Phadia, Uppsala, Sweden) as
described previously.11 All enzymes were biotinylated with a

Table 1 Characteristics and amount of enzymes used in liquid detergent production and the number of
sensitised workers per enzyme

Enzymes Bacterial/fungal
Kilogrammes used in
2005

Number of sensitised
workers

Proteases:

a Alcalase 2.5 l Bacterial 112.595 5

b Alcalase ultra Bacterial 19.564 5

c Purafect Bacterial 224.586* 4

d Savinase Bacterial 10.150 4

e Everlase Bacterial * 4

a-Amylases:

f Purastar Bacterial 30.802 13

g Termamyl Bacterial 135.735 13

h Stainzyme Bacterial ,200 8

Lipase:

i Lipex 100 l Fungal ,100 1

Cellulases:

j Carezyme Fungal 5.055 4

k Endolase Fungal 2.096 2

*Total kilogrammes of Purafect and Everlase.
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fivefold molar excess of D-biotinoyl-e-aminocaproic acid N-
hydroxysuccinimide ester (NHS-Biotin) in 10 mM carbonate
buffer (pH 8.5), after estimating protein concentration
(Bradford assay, Biorad, München, Germany) and the average
molecular weight of each enzyme preparation by SDS-PAGE
using pre-casted NuPAGE gels (Novex, San Diego, California,
USA). For a first screening, mixtures of biotinylated enzymes
with similar function and protein pattern (each with an OD280

of 1.5) were bound to Streptavidin ImmunoCAPs and tested:
a-amylases (Purastar, Termamyl, Stainzyme), cellulases
(Carezyme, Endolase), Alcalases (Alcalase 2.5 l, Alcalase ultra
2.5 l), and Subtilisins (Purafect, Savinase, Everlase). Single
enzymes were then bound (OD280 of 1.5) and tested: with
Lipex 100 l all sera, with the other enzymes only sera which had
been positive in the first screening with the respective mixture
were measured.

Streptavidin ImmunoCAPs with a-amylases had been incu-
bated in acidic buffer (50 mM citric acid, 50 mM Na2HPO4, pH
4.2) for 1 h at 50uC and washed extensively before measure-
ments to abolish unspecific reactions in fluorescent enzyme
immunoassay.

Values >0.35 kU/l were defined positive, indicating sensitisa-
tion.

Because a validated test system is not yet available, workers
who were positive in the in-house assay or the ImmunoCAP
system were considered sensitised to detergent enzymes.

Clinical evaluation
Workers sensitised to >1 enzymes underwent further clinical
investigation including clinical history-taking, nasal examina-
tion, spirometry and assessment of non-specific bronchial
hyperresponsiveness (NSBH) to histamine within 24 h after
exposure after a continuous period of working of at least
2 weeks.

A diagnosis of OA was excluded if there were no indications
of asthma in the medical history and a worker showed no NSBH
within 24 h after exposure while working uninterrupted for
2 weeks.12 13

Spirometry was obtained by experienced technicians accord-
ing to European Respiratory Society standards14 by using a
pneumotachograph with specific software (Pneumotachograph
and 4.66 software, Jaeger; Würzburg, Germany). Histamine was
administered during a controlled inspiratory capacity breathing
dosimeter technique using the Aerosol Provocation System with
a Medic-Aid nebulizer (Jaeger; Würzburg, Germany), starting
with diluent and followed by doubling doses of histamine from
0.026 mg to a maximum dose of 2.5 mg. The test was stopped
when a fall of 20% in forced expiratory volume in 1 second
(FEV1) was observed (PD20) or the maximum cumulative dose
was reached. If necessary, bronchoconstriction was treated with
inhalation of salbutamol.15

All workers with NSBH when at work performed serial peak
expiratory flow rate (SPEFR) measurements during 2 weeks at
work and 2 weeks away from work after which histamine
challenge with assessment of NSBH was repeated. A change of
one doubling dose increase in PD20 was regarded as significant.
SPEFR measurements were interpreted using direct visual
analysis by a panel of two experienced physicians. A diurnal
variation in PEFRs of >20% was considered as diagnostic
criterion.16 The diagnosis of work-related asthma was based on
the American College of Chest Physicians (ACCP) consensus
statement.16

The medical diagnosis of OA was based on four criteria
according to the ACCP: (1) diagnosis of asthma; (2) onset of

asthma after entering the workplace; (3) association between
symptoms of asthma and work; and (4) one or more of the
following criteria: (4a) workplace exposure to an agent known
to give rise to OA; (4b) work-related changes in FEV1 or PEFR;
or (4c) work-related changes in bronchial responsiveness.17 The
diagnosis of work-related rhinitis was based on a position paper
of the EAACI Task force on Occupational Rhinitis. A suggestive
clinical history of occupational rhinitis associated with sensiti-
sation to detergent enzymes was considered as probable
occupational rhinitis.18

Epidemiological and statistical analysis
All statistical analyses were performed using SAS software (SAS
System for Windows version 9.1, SAS Institute, Cary, North
Carolina, USA). Questionnaire data for 108 workers and
serological data of 106 workers were used to compare the
prevalence of respiratory symptoms and sensitisation between
different exposure groups within the study population using
low exposed workers as an internal reference group. We
calculated prevalence ratios (PRs) and 95% CI by log-binomial
regression analysis.19 A starting value of 24 for the intercept
was used to prevent convergence problems.20 PRs were adjusted
for age and smoking habits (pack-years). The trend in
sensitisation was investigated by logistic regression analysis
(PROC LOGISTIC) by entering exposure group (1,2,3) as a
continuous variable in the regression model using the Wald x2

test. We calculated the phi coefficient as a measure of the degree
of association between the outcomes of the two different
serology tests. Two-sided p values of (0.05 were considered to
represent associations unlikely to be due to chance. For internal
comparisons among small subgroups, we examined marginally
significant p values of (0.1.

RESULTS

Participants
In table 2 the personal characteristics of the detergent workers
are given, including the median years of employment and the
number of workers in the exposure groups.

Exposure assessment
The highest exposure to liquid detergent enzymes occurred in
the mixing area. Spills and leakages of enzymes during
weighing, transporting and filling of the tubs were sources of

Table 2 Characteristics of 108 detergent workers

Characteristic Number

Sex

Male (%) 88 (81.5)

Age, years

Mean (SD) 40 (7.9)

Range 24–60

Smoking status (%)

Current smoker 54 (50.0)

Former smoker 23 (21.3)

Never smoked 31 (28.7)

Duration of employment (years)

Median 8.0

Range 1–34

Exposure group

1. Low (%) 54 (50.0)

2. Moderate (%) 37 (34.3)

3. High (%) 17 (15.7)

Original article

Occup Environ Med 2009;66:759–765. doi:10.1136/oem.2008.045245 761

 on 19 October 2009 oem.bmj.comDownloaded from 

http://oem.bmj.com


potential workplace contamination with high concentrated
enzyme preparations, and workers were exposed via skin
(splashes) and inhalation (aerosols). In addition, high-pressure
cleaning of the floor and machines generated inhalable aerosols
likely to contain enzymes.

Changing products on the production lines was the most
important activity in the filling area, leading to spills and
leakages of product containing enzymes in the workplace.
Workers were potentially both directly exposed to the product
(skin) and via aerosols (inhalation). Cleaning with high pressure
(air) was also a possible source of inhalable aerosols containing
diluted enzymes. Respirators were not used both in the mixing
and in the filling area and workers often wore short sleeves.

Symptoms and sensitisation
Of 108 workers, 5 (5%) reported having constantly problems
with breathing, 2 of them (40%) were sensitised to detergent
enzymes, 14 (13%) reported wheezing, 5/13 (39%) were
sensitised to detergent enzymes, 27 (25%) reported to have an
allergy including hay fever, 7 of them (26%) were sensitised to
detergent enzymes, 15 (14%) reported work-related symptoms
of an itching nose, 4 of them (27%) were sensitised to detergent
enzymes, and 17 (16%) reported work-related sneezing, 5 of
them (29%) were sensitised to detergent enzymes. Symptoms
were significantly more prevalent in the high exposure group
than in the low exposure group. Workers in the high exposure
group reported significantly more work-related symptoms of an
itching nose (PR = 4.2, 95% CI 1.5 to 12.0) and sneezing
(PR = 4.0, 95% CI 1.5 to 10.8) (table 3). The PR associated with
wheezing was marginally significant at 2.9 (95% CI 0.9 to 8.7).

Of 106 workers, 15 (14%) were sensitised to >1 enzymes,
mainly to bacterial a-amylases and proteases (table 1). The
agreement between the two different assay methods was very
good (phi coefficient = 0.83).

Thirty-eight workers (36%) were atopic. None of the
sensitised workers had previously worked in another (related)
industry with exposure to enzymes. Of workers who were
sensitised, 11 (73%) were atopic and 8 (53.3%) were current
smokers. The median of years of employment was 8.0 years
(range 1–20) which was not associated with sensitisation
(PR = 0.96, 95% CI 0.89 to 1.04). Atopics were 4.9 times more
likely to be sensitised to detergent enzymes than non-atopics
(PR = 4.92, 95% CI 1.68 to 14.39). Sensitisation was not
associated with smoking (PR = 0.99, 95% CI 0.95 to 1.03).

A linear trend test showed a marginally significant (p = 0.09)
gradient in sensitisation across the exposure categories (table 3).

Workers in the high exposure group were 2.8 times (margin-
ally significant, p = 0.08) more likely to be sensitised to
detergent enzymes than workers in the low exposure group
(table 3).

Five workers reported to have changed their employment
within the plant from the high to the low exposure group and
four workers from the moderate moved to the low exposure
group. Of these nine workers, two workers reported to have
changed job during their employment at this plant as a result of
work-related symptoms. One of them was case 5 (table 4) and
the other was not sensitised.

An additional analysis was conducted with workers classified
according to the highest exposure group they had ever worked
in. Workers in the high exposure group were 3.8 times
(significant, p,0.05) more likely sensitised to detergent
enzymes than workers in the low exposure group (table 3).

Clinical investigation
Fifteen sensitised workers underwent further clinical investiga-
tions (table 4). All cases except case 15 had lung function values
within normal range. NSBH was assessed in 12 cases of whom
five (42%) showed NSBH while at work (table 4). In case 1 it
was impossible to assess NSBH for technical reasons, case 9 was
on sick leave and in case 15 FEV1 was too low (( predicted 23
SD). Six out of 15 cases (40%) had work-related respiratory
symptoms. Four cases of asthma were found of whom one was
work-related. Case 5 was treated for asthma and had no work-
related symptoms. Case 12 met the criteria for OA. Case 15 was
a smoker with inadequately treated asthma and persistent
airway obstruction. He was strongly suspected of having
occupational rhinitis and OA but did not finish the diagnostic
work-up, so an occupational allergy could not be confirmed.

Three cases were diagnosed as rhinitis and two of them as
work-related. Case 10 had pre-existing allergic rhinitis (hay
fever) and although sensitised to workplace agents only
experienced work-related symptoms when also having seasonal
symptoms. Cases 13 and 14 had probable occupational rhinitis.
Case 13 had childhood asthma, and pre-existing allergic rhinitis.
Although he was sensitised to detergent enzymes, he claimed
that parmatol and/or acticide (containing ethylisothiazolinone)
was the cause of his work-related upper airway symptoms.

Thus, at least three cases (12, 13, 14) out of 106 were
diagnosed as having an (probable) occupational allergy.

DISCUSSION
This study shows that working in the liquid detergent
production industry is associated with sensitisation to liquid
detergent enzymes and likely with occupational respiratory
allergies. The prevalence of sensitisation was 14.2% and at least
three cases of (probable) occupational airway allergy were
clinically confirmed. Workers were exposed to liquid detergent
enzymes and specific tasks could be identified during which
exposure was relatively high. All exposed workers were at risk
for sensitisation but there appeared to be a trend towards a
relatively increased number of sensitised workers with higher
exposures. In addition, high exposed workers had significantly
more upper airway symptoms and marginally significant lower
airway symptoms compared with low exposed workers.

Study limitations
The study population was small, and this limited statistical
power in internal comparisons, especially after adjusting for
confounding variables in multiple regression modelling.

Two women were classified as low exposed, 18 as moderate
and none as high, limiting the possibility to adjust for gender.
However, patterns were similar in the whole population as in
men only.

The in-house assay made use of the liquid enzyme solutions
from the detergent industry. These were utilised without
purification of the products used. Therefore, theoretically,
sensitisation to possible contaminants cannot be excluded.

Information was collected in a standard manner and exposure
was assigned blind to the serology test results. As a result,
misclassification will likely be non-differential and exposure–
response relationships might have been underestimated.

The healthy worker effect is a potential source of bias in
cross-sectional studies when restricted to actively employed
workers. Leaving employment or job transfer to lower exposure
as a result of disease may have led to underestimation of the
effects of exposure.21 22 According to the additional analysis job
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transfer may have led to an underestimation of exposure–
response relationships, although only two workers reported to
have changed job during their employment at this plant as a
result of work-related symptoms.

There was no evidence of confounding, either by smoking
status or age.

Symptoms and sensitisation
Workers in the highest exposure group reported (marginally)
significant more respiratory symptoms. The excess of symp-
toms in the high exposure group could not be explained by
allergic reactions to enzymes only as we identified only three
workers with clinically confirmed airway allergy. False negative
serology test results may be an explanation. Irritant effects of
detergent enzymes or exposure to other allergens or irritants
may have induced symptoms as well. However, respiratory
symptoms and allergy may develop through separate pathways
as suggested by Skjold et al in their prospective cohort study
among baker apprentices. They showed that the occurrence of
new airway symptoms was not always paralleled by sensitisa-
tion to occupational allergens.23

In the present study the prevalence of sensitisation was 14%
according to results of two different serology tests. When only
one serology test had been used to estimate sensitisation, the
prevalences would be 13% for the ‘‘in-house assay’’ and 11% for
the ImmunoCAP system, respectively. Workers were most often

sensitised to bacterial a-amylase probably due to the higher
turnover for this bulk chemical. Cross-reactivity between some
detergent enzymes may be possible, but earlier experiences
indicate that enzymes have distinctly different epitopes.24

In the detergent industry a prevalence between 6.7 and 11.6%
has been reported using a skin prick test method for Alcalase,
Termamyl and Subtilisin B at a liquid detergent manufacturing
site. These workers were also exposed to granulated deter-
gents.25 The novelty of our study is that workers were exposed
to liquid detergent enzymes only and never had been exposed to
granulate detergents, indicating the occupational risk of
exposure to liquid detergent enzymes for sensitisation.

Sensitised workers were found in every exposure group but a
trend toward a relatively increased number of sensitisation with
higher exposures is suggestive for an exposure–response effect.
It is not clear when workers became sensitised as both data
about the introduction of specific enzymes and exposure periods
are lacking.

Atopy was significantly associated with sensitisation to
enzymes and this is consistent with some but not all earlier
findings.6 26

Clinical investigation
A minority of sensitised workers showed NSBH while at work.
A diagnosis of OA was excluded if there were no indications of
asthma in the medical history and a worker showed no NSBH

Table 3 Prevalence (%) and adjusted prevalence ratios (PRs) with 95% CI of respiratory symptoms in
exposure groups compared with an internal reference group (low exposed) and sensitisation

Exposure group

Low Moderate High

(n = 54) (n = 37) (n = 17)

(%) (%) PR (95% CI) (%) PR (95% CI)

Symptoms

Trouble with breathing

Ever 10 (18.5) 8 (21.6) 1.1 (0.5 to 2.6) 5 (29.4) 1.4 (0.6 to 3.6)

Repeatedly 4 (7.4) 7 (18.9) 2.5 (0.8 to 8.1) 3 (17.7) 2.3 (0.6 to 9.1)

Cough last year 7 (13.0) 3 (8.1) 0.5 (0.1 to 2.0) 2 (11.8) 0.7 (0.2 to 2.9)

SOB and wheezing (last year)

SOB 8 (14.8) 2 (5.4) 0.3 (0.1 to 1.3) 0 (0.0) – (–)

Exercise-induced SOB 6 (11.1) 3 (8.1) 0.6 (0.1 to 2.4) 0 (0.0) – (–)

Wheezing 5 (9.3) 4 (10.8) 1.1 (0.3 to 3.8) 5 (29.4) 2.9 (0.9 to 8.7){
Asthma

Asthma attack last year 3 (5.6) 2 (5.4) 0.7 (0.1 to 4.5) 0 (0.0) – (–)

Asthma attack, doctor diagnosed 2 (3.7) 1 (2.7) 0.5 (0.0 to 6.4) 2 (11.8) 2.9 (0.5 to 18.1)

Allergies

Allergy (including hay fever) 17 (31.5) 6 (16.2) 0.6 (0.3 to 1.3) 4 (23.5) 0.9 (0.3 to 2.1)

Doctor visit last year due to allergic symptoms 5 (9.3) 4 (10.8) 1.2 (0.1 to 9.2) 3 (17.7) 2.3 (0.3 to 16.3)

Work-related respiratory symptoms (last year)

SOB 3 (5.6) 1 (2.7) 0.5 (0.0 to 4.3) 0 (0.0) – (–)

Chest tightness 1 (1.9) 3 (8.1) 4.3 (0.5 to 40.6) 1 (5.9) 2.7 (0.2 to 41.0)

Cough symptoms 5 (9.3) 3 (8.1) 0.8 (0.2 to 3.3) 2 (11.8) 1.0 (0.2 to 4.6)

Itching nose 5 (9.3) 4 (10.8) 1.3 (0.4 to 4.5) 6 (35.3) 4.2 (1.5 to 12.0)*

Sneezing 6 (11.1) 4 (10.8) 1.1 (0.3 to 3.6) 7 (41.2) 4.0 (1.5 to 10.8)*

Serology

Sensitised to >1 common allergen/total IgE .100 kU/l 20 (37.0) 12 (32.4) 0.9 (0.5 to 1.7) 6 (40.0){ 1.0 (0.5 to 2.1)

Sensitised to detergent enzymes (%) 5 (9.3) 6 (16.2) 1.5 (0.5 to 4.9) 4 (26.7){ 2.8 (0.9 to 9.0){
Sensitised to detergent enzymes (%) highest exposure
ever

3 (6.7) 7 (17.5) 2.4 (0.6 to 10.3) 5 (23.8){ 3.8 (1.0 to 14.1)*

Data have been emboldened to highlight the significant findings.
*Significant, p,0.05.
{Significant, p,0.10. Adjusted for age and smoking habits (pack-years).
{n = 15, two participants refused serology testing.
– (–), prohibited to calculate due to nihil subjects in group; SOB, shortness of breath.
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within 24 h after exposure while working uninterrupted for
2 weeks.12 13

According to Fishwick et al,27 a normal result from a test of
NSBH is not sufficiently useful to exclude OA and as a result
cases of OA will be missed. This is in contrast with Tarlo et al,
who considered a methacholine challenge within 24 h after
exposure as useful, having a high predictive value in excluding
OA.12 28

Two cases of occupational allergy were clinically confirmed.
The prevalence of occupational allergies is likely to be under-
estimated because in two sensitised workers with work-related
symptoms the diagnostic work-up could not be completed.

One of these had asthma with a strong suspicion of an
occupational allergy. He and the two workers who refused
serology testing belonged to the high exposure group.

Prevention
The current production process was not designed to avoid
contact with enzymes. Workers were not aware of the risk of
exposure to liquid enzymes, so there was no trigger to avoid
exposure at any level of the organisation within the plant. For
example, high-pressure cleaning generated inhalable aerosols
likely to contain enzymes and could have played a crucial role in
becoming sensitised. This lack of exposure and risk awareness
resulted in workers’ exposure to liquid detergent enzymes and
sensitisation to liquid detergent enzymes. Sensitisation is an
essential step towards allergy and should be avoided.29 Most
important problem-solving directions are to implement techni-
cal control measures to prevent the regular spills and leakages by
enclosure and automation of the weighing, transporting and
mixing process and enclosure of machineries during product
changes. In addition, education and creation of awareness
among workers about the health risks of exposure to enzymes
and working in a more hygienic way should be initiated. Using
high pressure for cleaning activities should definitely be banned,
first of all by preventing process leakages and the subsequent
cleaning activities. A health surveillance programme should
especially be implemented when a ‘‘no observed adverse effect
level’’ for detergent enzymes cannot be identified. The approach
in this study can be seen as the first round of surveillance and is
an example of a population-based approach leading to diagnosis
in individuals.30

In conclusion, exposure to liquid detergent enzymes should
be regarded as an occupational hazard leading to sensitisation
and occupational allergy. To prevent sensitisation and airway
allergies as a result of exposure to liquid detergent enzymes,
exposure should be minimised and health surveillance should be
offered to exposed workers. Development of non-commercial
validated immunoassays for specific enzyme allergens in the
liquid enzyme industry is warranted for screening and
monitoring purposes.
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