












Biological eflects of proteolytic enzyme detergents

enzyme factories by studies of representative
samples of 130 and 150 production workers. Al-
though the proportion with bronchitis (9%) or
who were prick test positive (11 %) were very
similar in the two plants, asthma (7% and 1%)
and rhinitis (18,' and 3%) were much more
prevalent in one plant. Although there were some
significant changes in lung function after acetyl-
choline, particularly in intermediate flow rates
and FEV, there was no relation of lung function
changes to skin test positivity or duration of
employment. Pham recommended that acetyl-
choline provocation tests should be added to the
tests routinely carried out in the industry to
improve sensitivity of functional measurement.

Weill (New Orleans, USA) reported on longi-
tudinal studies of a representative sample of 230
workers exposed to detergent enzyme dust in four
US plants; these studies started in January 1970
shortly after the enzyme was first added to the
detergent. There had been a marked reduction in
dust exposure since 1970, partly because of im-
proved environmental control, as in Europe, but
also because enzyme-containing products were no
longer made on all working shifts. Positive prick
tests were very common, ranging from 40% to
75% in the four plants. (This high rate was in part
due to the method of selecting subjects to include
those with higher exposure.) Definite correlation
exists between atopic status and prick test re-
sults; between exposure to enzyme dust and
sensitization rate, between respiratory symptoms
and atopicity but not additionally with smoking;
and between job-related symptoms and atopicity,
prick test results, and dust exposure.
Lung function changes have been assessed from

the start of the study, ie, after some exposure.
After initial decline before 1972, TLC, FEV1,
FVC have all increased during the five years of
study. The transfer factor had fallen slightly but
still exceeded 100% predicted in three out of the
four plants in 1975. The net effect is that the
final values for lung function all fall well within
the normal range.
Newhouse had studied since 1969 at six-monthly

intervals a group of men who had already been
heavily exposed to the enzymes. Fifty-five were
prick test positive and 47 prick test negative.
Both groups had worked in the same departments
and had similar lengths of exposure. High IgE
levels were found in men with very active skin
reactions and clinical symptoms. Over the period
the mean FEV1 of the prick test positive and
negative groups were similar and declined at

similar rates, but the mean FEV1 of the prick
test positive group was initially and throughout
significantly lower than the predicted level. The
FVC results were above predicted for both groups,
whereas the FEV1/FVC ratio was lower in the
positive group. These subjects were a subgroup of
the total population reported by Juniper and by
Lainhart.

Juniper presented the SDIA Medical Review
1969/July 75 (SDIA 1976). He emphasized that
this was a study of the whole industry in the UK
(2865 people). Spirometry and skin prick testing
were carried out on the whole population at six-
monthly intervals. With falling dust levels con-
version to skin prick test positive had also fallen
from the original high values of 85% in atopics
and up to 35% in non-atopics. Atopics were later
excluded from working with these products and
the rate for non-atopics had fallen to around
20 %.
The improved environment had led to a reduc-

tion in the number of workers transferred for
medical reasons from enzyme dust exposure-an
average of 25 per year for 1968 to 1971 to less
than 10 per year for 1972 to 1975.

Serial studies of lung function in 2000 workers
showed that there was no change in FEV, ex-
pressed as percent of the predicted, in relation to
either reaction to the enzyme prick test or to the
degree of contact with enzymes. The same findings
applied to the FEV/FVC ratio. The rate of de-
cline of FEV was about 45 ml per annum in all
groups; it was similar for other groups within the
industry not involved in enzyme detergent pro-
duction, for new entrants to the industry, and for
workers in unrelated industries in the same
geographical areas.

The discussion on the studies of lung function
was opened by Cotes (PU, UK). He said that the
findings presented showed that the present risk to
health of current exposure levels of proteolytic
enzymes was likely to be small. One of the prob-
lems was, were the best tests of lung function
being used? He suggested that FEV, was the
most relevant and reproducible test, but some
additional measures of flow rate needed to be
studied in more detail, eg, FEV25 75. There was
support for this, especially as the flow rates could
now be readily measured at the same time as the
FEV. He also showed that, even for the most
repeatable tests of lung function, measurement
error is about 5% and prediction error about
15%, so that reference values have little useful-
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Biological effects of proteolytic enzyme detergents

ness except in the detection of marked disease.
To assess accurately a rate of decline, it would be
necessary to measure 100 people for five years, and
even then this may detect only a 50% change in
rate of fall of lung function.
He referred to the reports from Australia that

the elastic recoil pressure in the lung might be
reduced in those with heavy exposure in the past.
Musk (Australia) confirmed that a difference,
which was apparently related to the past intensity
of exposure, had been observed in a follow-up of
these subjects. No new information on this aspect
was reported from the studies in Europe and USA.

General discussion centred round three main
topics. First, lung function-it was eventually
agreed that generalized statements about lung
function levels in terms of prediction relations
could be misleading because of instrumental,
operator, and naturally occurring intergroup dif-
ferences. The observations of Ogilvie and Weill
on the fall of transfer factor from above normal
to normal levels were thought consistent with
clinical observations on ordinary cases of asthma
responding to treatment, but good documentation
of this change was not produced, although high
values for transfer factor during asthmatic
episodes have been previously reported. The dis-
cussion also brought out the difficulty in ensuring,
when using tests of lung function in the long
term, that technical changes did not introduce a
bias.
There was less eventual agreement about ter-

minology for prick test reactions. 'Arthus-like' was
objected to strongly, particularly in close tem-
poral association with a discussion on alveolar
changes, although the same discussant confessed
to the use of 'non-immunological Arthus-like' in
print. Suggestions were made for the use of
descriptive terms such as 'immediate', 'non-
immediate', eg, '6-8 hour' reactions. This was
clearly a topic needing further research leading
to better definitions.

A strong demand was made for the separation
and reporting of results on the few 'responders' to
detergent enzymes. The general picture of fewer
workers becoming sensitized, and the absence of
any average deterioration of lung function re-
lated to exposure in large groups, was reassuring
but there were still a few workers who had to be
removed from further exposure. Little had been
said about the extent of their disability in a wider
sense, for example, possible increased sensitivity
to common antigens and other pollutants such as

cigarette smoke. It was, however, argued that
results on such people had been presented in the
papers. It was unfortunate that lack of time pre-
vented further discussion of this, which might
have led to further mutual understanding.

CONCLUSIONS

A number of general points came out of the
meeting:

(1) The early detection and publishing of the
potentially serious hazard from a new industrial
process led to rapid and effective collaborative
effort to identify the nature of the problem and
bring it under control.

(2) The engineering control of the dust and the
medical surveillance of the employees have pre-
vented much serious disability. It has also enabled
those with a positive skin prick test to continue at
work without developing respiratory symptoms.

(3) When lung function and immunological
tests are used for serial observations in large
groups of individuals in several factories and in
different countries, the validity of the findings is
critically dependent upon precise standardization
of the tests. In the future much more attention
has to be given to this aspect.

(4) The skin prick test, when performed cor-
rectly, is a safe, sensitive, specific, and useful
measure for biological monitoring of the response
level to the enzyme. This observation could be of
use in other situations.

(5) The enzymes used in detergents can produce
an IgE mediated asthma which is dose related.
Exposure levels during the manufacture of the
enzyme and the enzyme detergents can now be
kept so low that very few people will become
sensitized. Occasional cases of sensitization are,
however, likely to occur due to a combination of
circumstances, such as accidental spillage and
highly susceptible subjects.

(6) Knowledge acquired over the last eight years
indicates that respiratory disease other than
asthma is unlikely to arise from the use of these
enzymes, but continued surveillance of those ex-
posed is still required.

(7) The risk of respiratory and skin test sensi-
tization to the enzyme detergents during their
domestic use is extremely small.

GLOSSARY OF TERMS

GLYCINE UNIT
This is a measure of the enzyme activity. It is
measured by the release of amino acid from a
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standard protein substrate (a substituted casein).
The amino acid is estimated colorimetrically. A
number of units are in use and are related as
follows:

1 Anson Unit=623 000 Glycine Units= 243 000
Delft Units.

1 ,ug of 15 Anson Units of protease activity as
received from the enzyme manufacturers is
approximately equivalent to 1 Glycine
Unit/mg of enzyme concentrate.

IgE
Ig designates immunoglobulin, or globulin with
antibody activity. IgE is the reagin, the antibody
conferring immediate-type hypersensitivity and
mediating asthma, hay fever, and the wheal and
flare of the prick test. It is present in extremely
small amounts in the serum and cannot easily be
detected by the conventional precipitin and agglut-
inin techniques. IgE is usually detected in vitro
by RAST.

GUINEA-PIG ANAPHYLACTIC ANTIBODIES
Two classes of antibody cause immediate-type
allergy in the guinea-pig. One is a subclass of
IgG, designated IgGI which occurs in two forms,
IgGla and IgGIb. These are the antibodies
usually formed after sensitization in the labora-
tory. IgGla is mentioned in this report. The other
class of antibody is IgE, which has properties
similar to those of human IgE.

IgG AND IgM
Immunoglobulins G and M are present in much
larger amounts in serum than IgE. They are
precipitating antibodies and can activate com-
plement and may mediate Arthus reactions. They
(particularly IgG) are associated with extrinsic
fibrosing alveolitis, eg, farmer's lung. Their
presence is evidence of exposure, not necessarily
of disease, as persons may have precipitins without
disease.

IgA
Immunoglobulin A is present in serum and in a
modified form on mucosal surfaces. It is believed
to protect by masking or covering the deter-
minants of antigens, preventing allergic responses.
It is not known to mediate allergy.

ARTHUS REACTIONS
These are skin test responses occurring 4 to 8
hours after antigen challenge, either alone or as

a dual response following a wheal and flare. They
may be indurated, erythematous, with a surround-
ing zone of oedema, or more extensive areas of
soft ill-defined oedema, with or without central
induration. The reactions vary greatly according
to the degree of hypersensitivity and concentra-
tion of antigen. Intradermal tests may induce
severe congested or haemorrhagic reactions.

RAST
This radio-allergosorbent test was devised to de-
tect the very small amounts of IgE antibody in
sera. Antigen is coupled to inert particles or
discs, and antibody in the serum being tested
binds to the coupled antigen. The antigen is then
treated with anti-IgE globulin labelled with a
radioactive isotope. The amount of radioactivity
bound, usually expressed as counts per minute,
bears a direct relation to the amount of IgE anti-
body in the test serum that is bound to the
antigen. In the case of Alcalase, aggregates occur
in the serum stored for more than one to two
years. These may combine with the enzyme
coupled to the test substrate. The aggregates
contain IgE and cause poor reproducibility of
RAST. Removal of aggregates by centrifuging
overcomes this.

OUCHTERLONY DOUBLE DIFFUSION PRECIPITATION
This test for precipitating antibody is carried out
in thin agar gels, in which antibody in one hole
or well diffuses into the gel to meet antigen
diffusing from another well. If the antibody reacts
with the antigen, lines or bands of precipitation
occur where the antibody meets the antigen in
sufficient concentration. This is a standard pro-
cedure to detect precipitating antibodies as are
found, for example, in patients with extrinsic
allergic alveolitis.

RID (radioimmunodiffusion)
The procedure is the same as that above, except
that the antigen is labelled with a radioactive
isotope, and the precipitation lines are detected
by exposure to a photographic plate. This tech-
nique detects amounts of precipitating antibody
too small to be seen macroscopically.

IRIEP (indirect radioimmunoelectrophoresis)
The test serum is separated in an agar gel, and the
positions of the various immunoglobulins are
detected by antisera to each of them (eg, anti-
IgG). Antigen labelled with a radioactive isotope
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is then added to the plates to see if any of the
precipitated globulin (eg, IgG) is antibody for the
particular antigen, and binds it. This technique
detects very small amounts of antibody.

SOLID PHASE ASSAY TEST FOR ANTIGEN UPTAKE
BY IgG ANTIBODIES
This is a procedure for the detection and measure-
ment of extremely small amounts of IgG antibody,
and of antibodies in the IgG subclasses or other
immunoglobulin classes (Jacoby and Pepys).

SANDWICH' RADIOIMMUNE ANALYSIS
This technique detects any antibody in a serum
that binds to antigen. If the serum is separated
into its various immunoglobulin fractions, it is
possible to detect antibody in each class. It is a
complicated procedure and open to technical
errors not occurring in the solid phase assay test.
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