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Abstract Objectives: In workers, sensitivity and occu-
pational asthma are known to develop in reaction to the
proteolytic enzymes used in the manufacture of deter-
gents. This study was conducted to find out how this
sensitivity to the proteolytic enzymes affects respiratory
function, excluding occupational asthma. Methods:
Workers in the detergent industry (n=65) were divided
into four groups according to their prick-test results, as
follows: those positive for at least one enzyme (Lipolase,
Savinase) (group I, n=15); enzyme-negative cases
(group II, n=50); and from among these, enzyme-posi-
tive non-smoking cases (group Ia, n=11); enzyme-neg-
ative non-smoking cases (group IIa, n=32) Respiratory
function tests for the last 10 years from the archives were
assessed. For statistic analysis, average values were de-
termined and the standard deviation calculated. For
comparison of the groups, the Mann-Whitney U and
Fischer Exact chi-square tests were used. Results: The
ratio of smokers, the cigarette burden, average age and
the period of work were found to be similar between
workers of groups I and II, and group Ia and group IIa
(P>0.05). The average annual fall in the forced vital
capacity (FVC) and the forced expiratory volume in the
first second (FEV1) for the 10-year period was, respec-
tively, found to be: group I, 64.1±7.8 ml and
58.7±9.6 ml; group II, 38.7±6.4 ml and 43.7±8.2 ml;
group Ia, 60.7±8.1 ml and 56.1±10.2 ml; group IIa,
37.4±6.8 ml and 42.9±8.1 ml. The decrease in FVC
and FEV1 in group I compared with group II, and in

group Ia compared with group IIa was statistically sig-
nificant (P<0.001). Conclusions: In this study, the
observation that the FVC and FEV1 of the workers were
much lower than expected, especially among those
sensitive to the enzymes, independently of occupational
asthma and cigarette smoking, led to the conclusion that
it could be due to sensitivity to the enzymes.
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Introduction

Proteolytic enzymes from Bacillus subtilis were intro-
duced into detergent products in the 1960s. Within a
few years of their introduction, several investigators
reported the association of exposure to detergent
enzymes with asthma, and nasal and ocular symptoms
among workers involved in the manufacture of deter-
gents [1, 2].

In later years, however, more studies investigating
sensitivity to the proteolytic enzymes, the ratios of the
occupational asthma cases due to these enzymes, and the
relationships between industrial technology and sensi-
tivity and occupational asthma were reported [3, 4]. The
majority of these studies were cross-sectional analyses
that examined either the sensitivities to these proteolytic
enzymes or together with the ratios of occupational
asthma.

In prospective studies based on follow-up of the re-
spiratory function tests, no significant fall in the respi-
ratory function tests of the detergent workers, or that
the fall might be related to the differences in the smoking
habits of the workers, was suggested [5]. In contrast to
this, Pepys et al. [2] conducted provocative inhalation
tests with the enzymes and observed a fall in the carbon
monoxide diffusion test in some workers, which led them
to conclude that this was due to the fact that the pro-
teolytic enzymes affected the airways down to the level
of the pulmonary parenchyma.
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Today, though proteolytic enzymes are known to
induce allergic rhinitis, occupational asthma, and extrin-
sic allergic alveolitis, the long-term effects of the enzyme
sensitivity alone has not been studied well. The aim of this
study was to investigate the long-term effect of the sensi-
tivity on respiratory function, excluding occupational
asthma or extrinsic allergic alveolitis, due to proteolytic
enzymes among workers in the detergent industry.

Materials and methods

This study was conducted on workers in a detergent factory,
between May and June of 1995. The respiratory complaints of each
worker were recorded, physical examinations conducted, and P-A
chest radiographs taken and interpreted by a radiology specialist.
Past medical history, physical examination, peak expiratory flow
rate (PEFR) records, and respiratory function tests were conduct-
ed, and those workers diagnosed with occupational asthma were
excluded from the study. The respiratory function test was done by
following the instructions of the ATS vitalography equipment and
using the dry spirometer (Vitalograf, England) to measure
the forced vital capacity (FVC) and forced expiratory volume in the
first second (FEV1) [6]. Since 1986, under the supervision of the
work-site physician, a health officer has recorded the respiratory
function tests of the workers in May and June of every year and
kept them in the company health records.

The prick test was performed on the forearm with nine allergens
obtained from Allergopharma Joachim Ganzer, Hamburg, Germany
(Graser/getralide, Graser, Baumel, Alternaria, Aspergillus, Mucor,
Penicillium, Milbe 1, Milbe 2) and material containing Lipolase,
Savinase. As a positive control histamine phosphate was used, while
physiological serum was used as the negative control. In the prick
test, erythema above 3 mm was considered to be positive [7]. In the
prick test, two groups, those sensitive to the enzymes used in
the factory (group I) and those not sensitive (group II) were formed.
To eradicate the effect of cigarette smoking on respiratory function
the non-smokers were further divided into an enzyme-positive group
(group Ia) and an enzyme-negative group (group IIa).

In the statistical analysis, the average value and standard errors
were calculated for each worker. Comparison of the groups was by
the Mann-Whitney U and Fischer Exact chi-square tests, with
P<0.05 considered to be significant.

Results

Ninety-seven workers were employed in the detergent
factory. Fourteen workers were not included in the study
because of pre-existing occupational asthma (n=9),
chronic obstructive lung disease (n=3), bronchiectasis
(n=1) and advanced kyphoscoliosis (n=1). Later on, 18
patients were excluded from the study during the 10-year
follow-up, because of incomplete data (n=4), leaving
the company for non-medical reasons (n=11) and death
(n=3). Of the 65 workers who completed the study, 61
were male and four were female. The average age of the
workers was 37.6±5.8 years, and the average period of
working at the factory was 13.7±4.2 years. Sixteen
workers had prick-test positivity for more than one of
the usual aeroallergens. The number of cigarette smok-
ers was 22, with average years of smoking and estimated
cigarette burdens of 13.7±4.3 years and 14.5±5.6 pack-
years, respectively. The characteristics of the workers in
the study are shown in Table 1. The ratio of smokers in

groups I and II and their cigarette burdens, average ages
and the number of years worked was found to be similar
(P>0.05).

In the enzyme-positive cases, sensitivity to other ae-
roallergens was found to be significantly higher than
those of the enzyme-negative cases (P<0.001). The chest
radiographs of the workers were interpreted as being
normal.

The annual fall in FVC and FEV1 in the respiratory
function tests was: group I, 64.1±7.8 ml and
58.7±9.6 ml; group II, 38.7±6.4 ml and 43.7±8.2 ml;
group Ia, 60.7±8.1 ml and 56.1±10.2 ml; group IIa,
37.4±6.8 ml and 42.9±8.1 ml. The decrease in FVC and
FEV1 was significantly greater in group I than in group II
and in group Ia more than in group IIa (P<0.001). The
fall for all the groups, however, was, respectively, found to
be 44.6 ml and 47.1 ml annually. The rate of fall in the
FVC and FEV1 for the 10-year period is shown in Fig. 1.

Table 1. Characteristics of the workers in the groups

Characteristic Group I Group II Group Ia Group IIa

Total number
of cases

15 50 11 32

Male 12 41 10 28
Female 1 3 1 2
Number of
smokers

4 18 – –

Average
age (years)

37.1±5.9 37.7±5.8 36.3±6.0 38.0±5.7

Working time
(years)

12.4±4.1 14.1±4.2 12.5±4,6 14.6±4.2

Prick test
positivitya

6 10 4 7

aPositive to at least one of the aeroallergens

Fig. 1. Decline rate of FVC and FEV1 for the enzyme-positive
(group Ia) and enzyme-negative (group IIa) cases among non-
smoking workers
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Discussion

In this study, sensitivity to proteolytic enzymes was
found to increase the annual fall in FVC and FEV1 in-
dependently of occupational asthma or smoking habit.

Proteolytic enzymes used in the production of deter-
gents are known to cause occupational asthma and
pulmonary parenchymal diseases. For this reason,
measures were taken to reduce the dust and enzyme
concentration at the work environment, and the prote-
olytic enzymes were passed through a chemical process
and encapsulated. In a study, despite the use of encap-
sulated enzyme preparations, it was stated that the
possibility of high concentrations of the enzymes in the
environment could have led to the rather high sensitiv-
ities observed in contrast to what was expected [8]. Work
by Cullinan et al. [9] supports the fact that to prevent
allergy and asthma due to the enzyme, encapsulating the
enzyme alone was not enough. Thus, in our study, de-
spite enzyme encapsulation, 23% of the cases were still
sensitive to the enzyme.

Reports from Australia show that in those workers
who had been severely exposed to the enzyme in the
past, there was a decrease in the elastic recoil of their
chest [10]. However, a case of extrinsic allergic alveolitis
with a restrictive respiratory pattern resulting from
proteolytic enzymes was reported [11]. Our cases had
neither emphysema-like finding nor an alveolar inter-
stitial pattern on the chest radiograph.

Nicholson et al. [12] recommend health checks for
employees of detergent and soap factories once every 6
months for the first 2 years and, subsequently, once a year.
Here, the aim is the early diagnosis of these occupational
diseases. However, the known diseases in the detergent
industry include allergic rhinitis, occupational asthma,
and rarely, the alveolar or interstitial patterns seen on
chest radiographs. In this study however, it was noted that
without these known diseases, there was still a more-than-
expected fall in respiratory function. In another study on
121 workers exposed to Bacillus subtilis, assessment of
enzyme sensitivity and pulmonary function tests found
FEV1/FVC in 21 of the 48 sensitive patients, and ten of the
73 non-sensitive workers, to be under 70%. The investi-
gators repeated the same tests 6 months later and found
that negative enzyme sensitivity could turn positive, de-
spite the breaking of its relationship with Bacillus subtilis
enzymes. The derangement in the pulmonary function
tests could be severe and irreversible [13].

Studies to examine the respiratory function of the
workers exposed to proteolytic enzymes were also car-
ried out. Cathcart et al. [14] followed FEV1 and FVC for
4–20 years at five different centers in England and found
that significant falls were related to the geographic lo-
cation and smoking habit. They failed to establish any
relationship between the proteolytic enzymes and respi-
ratory function. In our study, after the exclusion of the
negative effects of cigarette smoking on respiratory
function, and to make sure that only the effect of enzyme

positivity on respiratory function was observed, we di-
vided groups I and II into groups Ia and IIa by ex-
cluding smokers from these groups. In terms of the fall
in FVC and FEV1, there was a statistically significant
difference between the two groups (P<0.001). Flood
et al. [5] in their study on workers from a detergent
factory, suggest that enzyme exposure has no effect on
pulmonary function. In an 11-year study, an average
annual fall of 39 ml in FEV1 was found. In a study in
which periodic pulmonary function tests were carried
out on 2,000 workers, the rate of fall of FEV1 was found
to be 45 ml per year. This value was similar in workers
in other industries not related to detergent production
[15]. In our study, the observed average annual fall in
FVC was 64.1±7.8 ml in group I, while that for FEV1

was 58.7±9.6 ml. In enzyme-sensitive non-smoking
workers however, the average fall in FVC per year was
60.7±8.1 ml and that of FEV1 was 56.1±10.2 ml.
These values are higher than the 10–35 ml annual de-
cline in the non-smoking healthy general population. On
the other hand, as shown in Fig. 1, the enzyme-positive
non-smoking group had a faster annual decline, ap-
proximately 20 ml in FEV1 and 25 ml in FVC, than the
enzyme-negative non-smoking group. In other words,
enzyme sensitivity doubled the natural decline, inde-
pendently of smoking. From this, it is not difficult to say
that some of these enzyme-positive employees will
demonstrate respiratory symptoms in later life.

Gottlieb et al. [16], in a study to test the hypothesis
that allergy leads to chronic irreversible airway ob-
struction, and carrying out respiratory function tests on
average every 3.1 years, found that the group sensitive to
the allergens had statistically significant decreases in
their respiratory functions. Postma et al. [17], in a study
conducted on patients with chronic obstructive pulmo-
nary disease (COPD) who were not on steroids, found
an annual fall in FEV1 of 82 ml/year. The enzyme sen-
sitivity among workers in the detergent industry can be
said to cause a decrease in respiratory function similar to
that of COPD.

In conclusion, in the 10-year period, the more-than-
expected fall in FVC and FEV1 in respiratory function
tests of the workers, especially in the enzyme-positive
group, without apparent respiratory complaints, led to
our conclusion that this fall increased with enzyme
sensitivity, independently of occupational asthma.

Acknowledgments The authors thank Professor Zeki Kilicarslan,
M.D., for his helpful criticism and advice in the preparation of this
manuscript.

References

1. Flindt MLH (1969) Pulmonary disease due to inhalation of
derivatives of Bacillus subtilis containing proteolytic enzyme.
Lancet 1:1177–1181

2. Pepys J, Longbottom JL, Hargreave FE, Faux J (1969) Allergic
reactions of the lungs to enzymes of Bacillus subtilis. Lancet
1:1811–1814

443



3. Bernstein IL (1972) Enzyme allergy in populations exposed to
long-term, low-level concentrations of household laundry
products. J Allergy Clin Immunol 49:219–237

4. Perdu D, Lavaud F, Cossart C, et al. (1992) Enzymes des les-
sives: de risque de sensibilisation professionelle a-t-il disparu?
Rev Mal Respir 9:443–448

5. Flood DF, Blofeld RE, Bruce CF, et al. (1985) Lung function,
atopy, specific hypersensitivity, and smoking of workers in the
enzyme detergent industry over 11 years. Br J Ind Med 42:43–
50

6. Standardisation of spirometry – 1987 update (1987) Am Rev
Respir Dis 136:1285–1298

7. Koldas L (1992) Astým immunolojisi. Sendrom:59–64
8. Vanhanen M, Tuomi T, Tiikkainen U, et al. (2000) Risk of
enzyme allergy in the detergent industry. Occup Environ Med
57:121–125

9. Cullinan P, Harris JM, Newman Taylor AJ, et al. (2000) An
outbreak of asthma in a modern detergent factory. Lancet
356:1899–1900

10. Musk AW, Gandevia B (1976) Loss of pulmonary elastic recoil
in workers formerly exposed to proteolytic enzyme (alcalase) in
the detergent industry. Br J Ind Med 33:158–165

11. Tripathi A, Grammer LC (2001) Extrinsic allergic alveolitis
from a proteolytic enzyme. Ann Allergy Asthma Immunol
86:425–427

12. Nicholson PJ, Newman Taylor AJ, Oliver P, et al. (2001)
Current best practice for the health surveillance of enzyme
workers in the soap and detergent industry. Occup Med (Lond)
51:81–92

13. Greenberg M, Milne JF, Watt A (1970) Survey of workers ex-
posed to dusts containing derivatives of Bacillus subtilis. BMJ
2:629–633

14. Cathcart M, Nicholson P, Roberts D, et al. (1997) Enzyme
exposure, smoking and lung function in employees in the de-
tergent industry over 20 years. Occup Med (Lond) 47:473–478

15. Medical Research Council Pneumoconiosis Unit Symposium
Report (1976) Biological effects of proteolytic enzyme deter-
gents. Thorax 31:621–630

16. Gottlieb DJ, Sparrow D, O’Connor GT, Weiss ST (1996) Skin
test reactivity to common aeroallergens and decline of lung
function. The normative ageing study. Am J Respir Crit Care
Med 153:561–566

17. Postma DS, de Vries K, Koeter GH, Sluiter HJ (1986) Inde-
pendent influence of reversibility of air-flow obstruction and
nonspecific hyperreactivity on the long-term course of lung
function in chronic air-flow obstruction. Am Rev Respir Dis
134:276–280

444


