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Twenty-five per cent of 353 highly and moderately sensitive patients attending 
allergy clinics in Cincinnati and iWiddletomn, Ohio, exhibited posittie skin tests to 
either one or both of the d major types of commercial detergent enzymes, Alcalasc 
(ALC) and Amylase Protease (AP). Positive passive transfer results were obtained 

in 5 of 10 patients who exhibited direct skim reactivity. Nasal and bronchial chal- 
lenge tests were performed in 14 patients, all of whom related the onset of respiratory 
symptoms to prior exposure to enzyme-containing prOduCtS. Positive nasal tests were 
observed in 7 patients with histories of upper respiratory symptoms, and positive 
bronchial responses were obtained in 7 patients with antecedent complaints of lower 
airways obstruction. Eleven of these patients were atopic; 3 were nonatopic. All 
patients noted significant ,impro1:cmcnt in causally related symptoms after enzyme 
proad. were eliminated. 

The occurrence of occupational sensitization to enzyme dust generated 
during the production of detergents has been documented in many reports.1-12 
To date, 482 workers have exhibited a common pattern of immediate and late 
respiratory symptoms after exposure, positive immediate skin tests, and func- 
tional evidence of airways obstructive disease. In some cases, transient im- 
pairment of the carbon monoxide gas transfer factor was observed.G,10 Sensi- 
tization developed in both atopic and nonatopic individuals, although the inci- 
dence rate apparently favors the former group. It was further established 
that the rate of appearance of occupational sensitization could be correlated 
with degree of exposure to high enzyme dust concentrations in the plant environ- 
ment. Indeed, it was possible to reduce the number of new cases by instituting 
improved dust control measures. Since levels of dust containing these enzyme ad- 
ditives in the household environment are much less than those in the factory 
situation, industry scientists predicted that consumer sensitization would not 
be possible.131 I4 The paucity of causally related consumer complaints, despite 
extensive use of enzyme-containing detergents since 1964 in Europe and 1967 
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in the United States, appears to support their contention. Nevertheless, when 
faced with the facts that 2.5 million metric tons of detergents are used in the 
United States annuallyI and that until recently 80 per cent of these products 
contained enzyme additives, the importance of determining potential sensitiza- 
tion in the consumer population is self-evident. 

In 1970, a preliminary report suggested that allergic symptoms developed 
in individuals exposed to long-term, low-level concentrations of enzyme laundry 
products. I6 Symptoms, skin reactivity, and provocative testing in this group 
of people corresponded to clinical data previously reported in occupational 
cases. Of further interest was the recent report of Belin and co-workers.17 
They demonstrated positive skin tests to Alcalase enzyme by the prick method 
at a dose of 1 pg of protein per milliliter, specific IgE antibodies, and clinical 
symptoms in 3 housewives, one with asthma and 2 with rhinitis and eye symp- 
toms. Two additional cases in consumers have also been reported.** I8 This is 
a report of additional consumer studies in which the clinical techniques of 
skin testing, passive transfer tests, and nasal and bronchial challenge methods 
were employed in a population attending allergy clinics for diagnostic evalua- 
tion and in several patients who were able to relate their symptoms to prior 
exposure to enzyme-containing laundry products. 

METHODS AND MATERIALS 
Patients 

Clinical studies were divided into two general categories: (1) a survey of skin sensi- 
tivity in groups of patients undergoing diagnostic evaluation in two allergy clinics located 
in Cincinnati (Group 1) and Middletown (Group 2), Ohio, and (2) skin, nasal, and 
bronchial studies in 14 patients who had recently developed respiratory symptoms and 
from whom a detailed history revealed a reasonable suspicion of onset of symptoms fol- 
lowing exposure to enzyme-containing detergents. 

Group 1 consisted of 461 patients from within a 15 mile radius of Cincinnati, Ohio, 
and Group 2 included 78 patients residing 30 miles from Cincinnati. The sex distribution 
of Groups 1 and 2 was 232 men and 307 women. Ages in these combined groups ranged 
from 16 to 66 with a mean of 29 years. 

Materials 
Two enzyme products, Alcalase (manufactured by Novo Industri A/S, Copenhagen, 

Denmark) and Amylase Protease (supplied by Monsanto Chemical Corp., St. Louis, MO.), 
commonly used in detergent formulations were kindly provided by a major soap and 
detergent producer. These materials were supplied as dry powders containing inorganic 
salts, a few viable spores, and about 35 per cent organic matter of which the total 
enzyme content is estimated to be 5 to 10 per cent.* Stock solutions of Alcalase (ALC) 
were prepared in phosphate-buffered saline (pH 7.2) at a concentration of 10 mg. per milli- 
liter. Solutions of Amylase Protease (AP) were made similarly at a concentration of 
3.75 mg. per milliliter. Protein concentrations determined by the method of Lowry and 
associates19 were 2.5 mg. per milliliter and 1.9 mg. per milliliter for ALC and AP, re- 
spectively. 

*The enzymatic activity in each major type (Alcalase and Amylase Protease) of crude 
enzyme concentrate is estimated to be about 4 per cent of the proteolytic activity of 
the purified alkaline proteases derived from B. subtilis, subtilopeptidase A and B. 
Alcalase is essentially identical to subtilopeptidase A, while the alkaline proteinase in 
Amylase Protease corresponds to subtilopeptidase B. 
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Sterilization was accomplished by passage through 0.45 ,u Millipore membranes. Fresh 
stock solutions were prepared every 4 weeks, although it had been previously determined 
that these extracts retained their skin reactivity for as long as 6 months when stored at 
4’ C. The enzymatic activity of stock solutions disappears rapidly. A 1:lOO dilution of 
the enzyme stocks in the same buffer was made each week for all skin-testing and organ 
challenge procedures. After ascertainment that heat treatment of stock solutions at 100” 
C. for 30 minutes did not alter their skin reactivity, * bronchi.al and nasal provocations 
were performed with heated solutions beginning July 1, 1970. Histamine content was 
assayed on fresh and 5-month-old stock solutions of ALC and AP, according to a modifi- 
cation of the method of Shore and associates.*0 Fresh stock extract values, 0.005 pg per 
milliliter .and 0.002 pg per milliliter, respectively, were approximately l,OOO-fold less than 
the dose of histamine required for a skin-whealing response. There were no appreciable 
changes in the histamine content of solutions stored for 5 months. 

Since bovine ribonuclease and papain had been utilized previously in occupational 
skin surveys as reference controls, they were also included in the present investigations. 
These substances were obtained from commercial sources+ and were processed in the same 
manner as described above. However, stock solutions of these enzymes were made in a 
concentration of 1.5 mg. per milliliter for several reasons. Salvaggio and associates21 had 
previously demonstrated that this stock concentration of bovine ribonucle.ase was satis- 
factory for clinical studies. Second, the commercial samples of bovine ribonuclease and 
papain actually contained more active enzyme than the “as received” enzyme powders 
used in detergent m.anufacturing. Thus the protein concentration of the stock bovine 
ribonuclease solution was 0.4 mg. per milliliter, an amount approximately equivalent to 
the enzyme protein calculated to be present in the crude extracts of ALC and AP. This 
relationship did not hold for the stock papain solution, the protein concentration of 
which was only 0.3 pg per milliliter. It was suspected, though not proved, that rapid 
autolytic activity of the papain solution was responsible for the reduced protein content 
of this antigen. 

Allergenic extracts of pollens, molds, and dust were obtained commercially. Testing 
solutions of pollens and molds were l:l,OOO (500 PNU per milliliter), while the testing 
solution of Endo dust was l:lO,OOO. 

Scratch tests were performed with ALC and AP enzyme extr.acts at concentrations of 
10 mg. per milliliter (1:lOO) and 3.75 mg. per milliliter (1:375), respectively. Intracutaneous 
tests were done at concentrations of 0.1 mg. per milliliter (l:lO,OOO) ALC and 0.0375 mg. 
per milliliter (1:37,500) AP. In previous studies it had been determined that these con- 
centrations elicited only rare irritant-type reactions. The test solutions were injected 
intracutaneously in 0.02 ml. quantities on the volar aspect of the forearm, and results were 
interpreted in 15 minutes. Phosphate-buffered saline (pH 7.2), the diluent employed for 
the enzyme solutions, was injected into control sites. Reactions to test extracts were con- 
sidered positive if the scratch tests showed significant wheal and flare or if the intra- 
cutaneous response was judged to be 2+ or greater.t 

Passive transfer studies 

Passive transfer studies were performed on the backs of 2 normal volunteer sub- 
jects who had no history of prior exposure to enzyme dust. Skin sites were prepared by 
intracutaneous injections of varying dilutions of fresh, unheated sera. One site was pre- 

*Enzymatic activity is completely destroyed by this treatment. 
fNutritiona1 Biochemicals, Cleveland, Ohio. 
tcriteria for positive scratch tests read after 20 minutes: 2+-a wheal (with or without 

erythema) 5 mm. in diameter greater than phosphate-buffered saline-glycerol control; 
3ta wheal (with or without erythema) 6 to 10 mm. in diameter greater than control; 
4+-any wheal with pseudopodia. Criteria for positive intracutaneous tests read after 
15 minutes: 2ta wheal 3 x the size of control (with or without erythema); 3+--a 
wheal 4 x the size of control (with or without erythema); 4tany wheal with pseudo- 
podia. 
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pared with undiluted serum heated at 56” C. for 30 minutes. Forty-eight hours later these 
sites were challenged with 0.02 ml. quantities of 1.0 mg. per milliliter enzyme solution 
(l:l,OOO). Appropriate controls included phosphate-buffered saline (pH 7.2) and l:l,OOO 
dilutions of the unrelated enzymes, papain, and bovine ribonuclease. Additional controls 
consisted of skin tests with all the above subst.ances in areas of skin not previously 
injected with test sera. 

Organ challenge tests 

Nasal. All patients were asymptomatic on the day of test as determined by base-line 
rhinoscopy and, in some cases, by objective measurements recorded by the rhinorheometer,’ 
an updated model of the Butler-Ivy apparatus, which measures nasal airways resistance 
under conditions of preset air flow of 6.8 I,. per minute.zz Nasal challenge tests were ac- 
complished by aerosolizing 0.5 ml. of test solutions via a No. 40 DeVilbiss nebulizer with 
a special nasal attachment. Preliminary control tests with isotonic saline showed no 
change from base-line observations in all cases. Physical examination, subjective response, 
and objective studies (when included) were recorded at 10 minute intervals for 60 min- 
utes. 

&o?zchial. Challenge tests were performed when patients were asymptomatic. Control 
and test solutions were self-administered through a No. 40 DeVilbiss nebulizer by a hand 
bulb for 5 minutes at the patient’s usual respiratory rate. Following base-line chest 
examination and determination of the mean of 3 peak expiratory flow rate+ maneuvers, 
isotonic saline was nebulized. All studies were repeated 10 minutes later, after which tests 
with serial concentrations of enzyme solutions were begun. Results were recorded every 
10 minutes. In one patient, results were also obtained 6 hours after the provocative 
episode. The protocol for spirometric studies was based on methods outlined by Kory and 
associates.za Gas transfer factor was estimated by means of the single-breath carbon 
monoxide test?4 

Test solutions for both bronchial and nasal challenge tests ranged from l:lOO,OOO to 
l:l,OOO, the latter being utilized only after previous dilutions had yielded negative re- 
sponses. Control bronchial provocations in 5 nonsensitive volunteers had established that 
l:l,OOO unheated solutions of these antigens were not primary irritants.6 Primary irritant 
nasal tests performed in 3 other normal volunteers were also negative. Because patients 
with asthma and rhinitis may respond nonspecifically to low levels of irritants in aerosol- 
ized solutions, nasal and bronchial provocation tests were also administered to 5 patients 
with rhinitis and 5 patients with asthma, all of whom were judged to be nonsensitive to 
enzyme additives on the basis of history and skin test data. None of these patients 
demonstrated positive immediate or late responses after exposure to l:l,OOO unheated 
subtilisin solutions. Inasmuch as detailed respiratory irritant threshold experiments with 
bovine ribonuelease and papain were not available, these enzyme solutions were not 
utilized in provocative testing. 

RESULTS 

Skin test results obtained in Group 1 patients are shown in Table I. Pa- 
tients were divided into high, moderate, and low reactive categories on the 
basis of personal and family history of allergic diseases and their prior skin 
test results to a battery of common inhalant allergens. In the highly reactive 
group, a significant percentage of positive reactions to all enzyme antigens 
was observed. The percentage of intracutaneous reactions to enzyme extracts 
was about the same as reactivity to individual pollen and mold allergens in 

*Obtained from Vick Divisions Research Co., Mount Vernon, N. Y: 
fThese measurements were performed with a Wright peak flowmeter. 
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TABLE I. lntracutaneous skin test survey of 461 patients in greater Cincinnati area: Number 
and per cent positive (2t or >) reactions* 

I Test dose I 
concentration 

Weight/ 
volume 

High 

Allergic classificationt 

Moderate 

Enzyme 
antigen 

Alcalase 

Amylase 
Protease 

2.0 0.5 is 27.1 5 7.7 2 1.9 

0.75 0.38 84 29.2 5 7.7 2 1.9 

Papain 

Bovine 
ribonu- 
clease 

‘Xee text for skin test scoring criteria. 

0.30 - 65 22.6 1 1.5 3 2.8 

0.30 0.08 73 25.3 3 4.6 1 0.9 

iAllergic classification: high-patients (288) with positive family and personal history 
of allergy; 3+ or > reaction to at least one pollen allergen or two or more nonpollen 
allergens; moderate-patients (65) with positive family and/or personal history of 
allergy; 2+ reaction to at least one pollen allergen or 3+ reaction to one nonpollen al- 
lergen; low-patients (108) with negative family and personal history of allergy; skin 
reactions to all allergens < 2+. 

this group of patients and about 10 to 15 per cent higher than reactions to 
individual animal danders. Four per cent of these patients displayed positive 
scratch tests to the subtilisin test solutions. Scratch reactivity to the reference 
enzyme extracts varied between one and 2 per cent. Positive intracutaneous 

reactions to the subtilisin solutions were obtained in 8 per cent of the moderate- 
ly reactive group and in 2 per cent of the low reactive subpopulation. 

Table II summarizes skin test results in Group 2, i.e., in patients who reside 
in a smaller city 30 miles from Cincinnati. Although the total number of pa- 
tients tested in Group 2 was much less than that in Group 1, it is noteworthy 
that the incidence of positive reactions to enzyme extracts was considerably 
less in Group 2. Positive scratch reactivity was not observed in this test popu- 
lation. Stratification of Groups 1 and 2 by sex revealed no significant differ- 
ence. Eighty per cent of the positive reactors in both groups occurred in the 
first four decades of life. 

To further characterize the role of skin-sensitizing antibody (SSA) in some 
of these patients, sera from 10 patients who exhibited either positive scratch 
or intracutaneous reactivity were selected for passive transfer tests. Positive 
transfer results were elicited in 5 instances. Control sites were negative in 
all patients. 

Data encompassing details of exposure or causally related symptoms were 
not obtained in the 2 skin test survey groups. However, 7 other patients 
(Nos. 1, 2, 3, 4, 5, 6, 13) complained of upper and lower respiratory symptoms 
which appeared to correlate directly with the use of enzyme-containing laun- 
dry products. A bronchial challenge test was carried out in Patient No. 13, 
while nasal threshold responses were investigated in Patients 2, 3, 4, 5, and 
6. All other organ provocative tests were performed in patients who demon- 
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TABLE II. lntracutaneous skin test survey of 78 patients in Middletown area: Number and 
per cent positive (2+ or >) reactions* 

Test dose 
concentration Allergic classiflcationt 

antigen 

’ Z’ ’ -I&*’ ’ 

positive positive positive positive positive positive 

Alcalase 0.5 5 12.5 1 8.3 3 11.5 

Amylase 0.75 0.38 A 15 1 8.3 2 7.7 
Protease 

Papain 0.30 - 5 12.5 0 0 2 7.7 

Bovine ribo- 0.30 0.08 7 17.5 0 0 0 0 
nuclease 

*See text for skin test scoring criteria. 
fAllergic classification: high-patients (40) with positive family and personal history of 

allergy; 3+ or > reaction to at least one pollen allergen or two or more nonpollen al- 
lergens; moderate-patients (12) with positive family and/or personal history of allergy; 
2c reaction to at least one pollen allergen or 3+ reaction to one nonpollen allergen; low- 
patients (26) with negative family and personal history of allergy; skin reactions to all 
allergens < 2+. 

strated either combined skin test and passive transfer reactivity (Nos. 8, 9, 
10, and 14) or positive skin tests alone (Nos. 7, 11, and 12). Additional histori- 
cal information was obtained from these subjects. Abbreviated case reports 
on these patients are presented below. 

ABBREVIATED CASE REPORTS 
Patient 1 

G. B., a 31-year-old black woman, had allergic rhinitis of 5 years’ duration as a primary 
disease. She was first observed by a physician on December 12, 1970. The seasonal pattern 
of the rhinitis was perennial. 

She had minimal symptoms until a pregnancy in 1968. At that time she noted aecentua- 
tion of nasal symptoms on days on which she did her laundry. Symptoms were always 
worse that evening. She also noted increase in symptoms after ironing clothes. Skin tests 
showed positive reactions to pollens and molds. 

The enzyme-related problem was first observed by the physician also on December 12, 
1970, since aggsavation of nasal symptoms which had occurred appeared to be related to 
laundry and ironing activities. 

Follow-up studies showed the patient was much improved after stopping the use of 
enzyme products. 

Patient 2 

L. R., a 34-year-old black woman, had no primary disease, and, before exposure to en- 
zymes, she was asymptomatic with negative personal and family histories of allergy. All 
skin tests were negative. 

An enzyme-related problem was first observed by a physician on December 5, 1970. 
She had worked in a hand laundry since 1968. In November, 1970, she noted onset of 

severe eye and nasal symptoms during work days. Her symptoms improved on weekends, 
except that she also noted simil.ar symptoms after doing her own laundry at home. She 
was exposed to enzyme detergents both at work and at home. Her symptoms forced her to 
quit the job in December, 1970, after which her symptoms disappeared completely. Be- 
cause of financial need, she returned to work in January, 1971. Four days later severe 
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nasal symptoms recurred, and 7 days later severe asthma developed. She quit her job again 
within 2 weeks. She was also advised not to use enzyme products at home. 

She is no longer exposed to enzyme detergents, and she is completely asymptomatic. 

Patient 3 

M. J., a 45.year-old white woman, had allergic rhinitis and conjunctivitis of 2 years’ 
duration as primary diseases. The seasonal pattern was perennial, but symptoms were 
worse in summer months. She was first observed by a physician on August 31, 1968. 

She had received immunotherapy starting in September, 1968, with marked improve- 
ment within 6 months. In February, 1971, she noted marked increase in nasal symptoms. 
An enzyme-related problem was first observed by a physician on February 27, 1971. 

The patient had started the use of enzyme detergents in the summer of 1970. Within 
3 to 4 weeks she noted itching of hands and definite increase in nasal symptoms after each 
load of laundry. These symptoms persisted throughout the evening. 

Follow-up shows flare-up in nasal symptoms has completely subsided since elimination 
of products containing enzyme additives. 

Patient 4 

E. S., a 36-year-old white woman, had no primary disease, and her personal and family his- 
tories were negative for allergy. All skin tests were negative. 

An enzyme-related problem was first observed by a physician on May 15, 1971. 
Four weeks after the use of an enzyme-containing laundry product, she noted the 

progressive development of eye itching, lacrimation, sneezing, rhinorrhea, and nasal 
stenosis. Symptoms appeared first on laundry days but gradually became persistent. 

Two months after discontinuation of enzyme products she reported improvement in 
upper respiratory symptoms. 

Patient 5 

P. B., a 23-year-old white woman, had allergic rhinitis and asthma, both perennial, 
as primary diseases. She was first observed by a physician on February 9,197l. 

Low-grade nasal symptoms had begun in April, 1969. Chest symptoms appeared in 
April, 1970. Skin tests were positive to pollens, molds, and dust. She has noted improve- 
ment in all symptoms since March, 1971. 

An enzyme-related problem was noted by the physician at time of the first visit. 
She had started using enzyme detergents in July, 1970. Within one week she noted 

marked increase in nasal symptoms during the laundry process. These symptoms would 
persist through the remainder of the day and night. She did not notice increase in chest 
symptoms. 

After enzyme products were removed from the household, she experienced definite 
improvement of nasal symptoms. 

Patient 6 
B. CT., a 28.year-old white woman with no primary disease, was first observed by a 

physician on March 11, 1971. Skin tests were negative. An enzyme-rel.ated problem was 
noted at the time of the first visit. 

She had developed symptoms of chest tightness and dry cough in 1969 on days on 
which she used enzyme detergents. She also noted chronic redness of the eyes and 
rhinorrhea throughout the next two years, which was worse especially on laundry days. 
On two occasions she had a marked flare-up of chest symptoms. One such episode’ oc- 
curred after she was exposed to soap granules being used to simulate snow in a play. 
Chest symptoms also appeared after she handled packages in the soap section of a 
supermarket. 

Her chest symptoms have completely disappeared since enzyme agents were eliminated. 
Nasal and eye symptoms have also improved. 
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Patient 7 
E. G., a 32-year-old white woman, had allergic rhinitis which was perennial, but 

worse in spring and fall. She was first observed by a physician on April 20, 1971. 
Her symptoms were mild until March, 1971, when she had a marked increase in 

symptoms. Skin tests were positive to pollens and molds. 
At the time of the first visit, the physician observed an enzyme-related problem. 

In September, 1970, the patient had begun using an enzyme presoak. Within 2 weeks 
she noted severe sneezing and a sensation of chest tightness each time she used this product. 

Both chest and nasal symptoms have disappeared since May, 1971, when she was ad- 
vised to discontinue the use of enzyme detergents. 

Patient 8 

D. H., a 39-year-old black woman, had asthma of 12 years’ duration, in the fall and 
winter months. She was first observed by a physician on September 16, 1969. 

She had only mild, periodic episodes of asthma until August, 1968. She was hospitalized 
for asthma June, 1969, and required corticosteroids for one month. Skin tests were posi- 
tive to dust, molds, and pollens. 

An enzyme-related problem was first observed by a physician on January 20, 1970. 
She had begun using enzyme products 9 months before severe asthma started. She 

noted eye, nasal, and chest symptoms on days of laundry duties. 
All symptoms markedly improved after elimination enzyme detergents in February, 

1970. 

Patient 9 

L. G., a 3%year-old black woman, had asthma of 9 years’ duration. The asthma oc- 
curred in the spring and occasionally after upper respiratory infections. She was first 
observed by a physician on July 15, 1969. 

She had mild asthma initially but had been relatively asymptomatic in the past year. 
Skin tests were positive to pollens and molds. 

An enzyme related problem was first observed at the time of the first visit. 
She had noted eye and nasal symptoms and slight chest tightness on days of laundry 

chores. She has been asymptomatic since she discontinued the use of these agents. 

Patient 10 
W. H., a 20-year-old white man, had allergic rhinitis of 9 years’ duration which oc- 

curred in the spring, summer, and fall. He was first observed by a physician on July 30, 
1962. 

He had severe eye and nasal symptoms initially. The response to immunotherapy was 
good, and he was asymptomatic until 1969. He resumed treatment at that time and is 
again showing a good response. Skin tests were positive to molds and polllens. An enzyme- 
related problem was first observed by a physician on January 17, 1970. 

In the summer of 1968 he had had a summer job in a soap plant. His job involved 
the emptying of trash cans in laboratories which handled enzyme substances. He recalled 
episodes of moderately severe wheezing immediately after doing this work and frequently 
4 to 5 hours later. 

At present he works in the mailroom of the same soap plant. He is asymptomatic 
except for recurrent chest symptoms after handling broken packages containing soap 
products. 

Patient 11 
M. W., a S&year-old black woman, had asthma of 12 years’ duration in late fall, 

winter, and early spring. She was first observed by a physician on March 4, 1971. 
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She had very mild symptoms until October, 1970, when her wheezing became more 
chronic. Skin tests were positive to pollens, dust, and molds. 

An enzyme-related problem was first observed by a physician at the time of the first 
visit. 

She had noted a marked increase in chest symptoms after using an enzyme-containing 
soap for washing her walls. Since then she has .also noted chest symptoms on the evening 
of her laundry chores. 

Acute episodes have subsided since she discontinued use of enzyme products. 

Patient 12 

C. R., a 55-year-old black woman, had had asthma for 45 years, which occurred in 
early and late fall and was also worse after exposure to dust, dogs, and paint. She was 
first observed by a physician on January 28, 1971. 

She had very mild and controllable symptoms until October, 1970. Her symptoms 
have been chronic since t,hat time. Skin tests were positive to ragweed pollen, molds, and 
dust. 

An enzyme-related problem was first observed at the time of the first visit. 
Since January, 1970, she had noted nasal symptoms and chest symptoms at night after 

using enzyme-containing detergents. 
Her acute symptoms have disappeared since elimination of enzyme products. Her 

chronic symptoms of asthma are still present but gradually improving. . 

Patient 13 

G. B., a 30-year-old white man, had asthma and allergic rhinitis of 2 years’ duration. 
The seasonal pattern was perennial, but both were occasionally worse after upper respira- 
tory infections. He was first observed by a physician on July 12, 1969. 

He made an excellent clinical response to immunotherapy and was asymptomatic 
6 months after this was started. Skin tests were positive to pollens, dust, and molds. 

An enzyme-related problem was first observed on January 23, 1971. 
He experienced a sudden flare-up of n.asal and chest symptoms one week after his 

vacation had started early in January, 1971. During this week he helped his wife by 
doing laundry every day. His symptoms progressed from eye itching and nasal symptoms 
to severe asthma. All symptoms were aggravated when he folded freshly laundered clothes. 

He has remained asymptomatic for 3 months since discontinuation of these household 
activities. 

Patient 14 
IV. C., a 51-year-old black man with perennial asthma of one year’s duration, was 

first observed by a physician on August 22, 1969. 
He developed cough and wheeze one year before medical supervision. His symptoms 

became progressively more severe, necessitating oral corticosteroids for adequate control 
of symptoms. Skin tests were positive to dust, molds, and pollens. 

An enzyme-related problem was first observed by a physician on January 7, 1970. 
During his initial work-up he had complained of increase in cough and wheezing after 

using various cleaning preparations on his job. Later he noted similar symptoms after 
washing his socks and underwear at home. Enzyme products were used in both places. 

He had not returned for follow-up evaluation in 1971. 

Results of nasal provocation tests are shown in Tables IIIA and IIIB. Detailed 
histories in these patients revealed that upper respiratory symptoms appeared at 
varying intervals after repetitive exposures to enzyme-containing detergents. 
Positive intracutaneous tests had been demonstrated in 3 patients (Nos. 1, 
4, and 7). In those patients registering negative skin tests, further testing was 
predicated on the basis of a strongly positive history. Positive nasal challenge 
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TABLE IIIA. Results of nasal challenge tests to Alcalase (ALC) and Amylase Protease (AP) 

Patient 
No. 

1 

Scores of nasal changes 

Nasal resistance 
Subjective Mean rhinoscopy (mm.)* 

Type of Test 20 20 10 
enzyme dose (mg.1 Base-line minutes Base-line minutes Base-line minutes 

ALC 0.05 1 6 1 4 
2 AP 0.018 1 6 1 4 

: SIC: 0.18 0.05 2 5” 2 
5 AP 0.18 i 6 : 

2 : 50 16 
4 1 14 

6 AP 0.018 1 6 1 4 2 7 
7 AP 0.18 1 4 1 3 

*Any increase from base-line value (0) of 5 mm. or more is significant. 

2 10 - 

TABLE 1118. Description of categories for scores of nasal changes in Table IIIA. 

Subjective Rhinoscopy 

score ( Description I Definition Parameter scores* 

1 Nostril clear Breathes with no Nasal patency 1: 
difficulty through 2: 
nostril 3: 

2 Nostril almost clear Breathes easily 
4: 

through nostril 

3 Noss$l.$ightly Breathes with Nasal secretions 1: 
slight hinderance 2: 
through nostril 3: 

4 Nost;~e~oderately Breathes with 
4: 

difficulty through 
nostril 

5 Nostril severely Breathes minimally Nasal pallor 1: 
stuffed through nostril 2: 

No$~il;ompletely Cannot breathe 
3: 

6 through nostril 4: 

Nasal edema 1: 
2: 
3: 
4: 

Open 
Slightly blocked 
Moderately blocked 
Closed 

None 
Slight 
Moderate 
Heavy 

Pale 
Slight inflammation 
Moderate inflammation 
Severe inflammation 

None 
Slight 
Moderate 
Severe 

*The raw scores may range from 4 to 16. Final numerical scores are determined by di- 
viding by 4 to obtain a mean rhinoscopy score. 

tests to either ALC or AP were recorded in all cases. Furthermore, positive 
responses corresponded to the enzyme concentrates contained in the household 
products to which the patient was exposed. Thus, positive tests to ALC were 
obtained in 2 patients (Nos. 1 and 4)) while AP evoked responses in 5 pa- 
tients (Nos. 2, 3, 5, 6, and 7). The challenge dose varied between 20 and 200 
pg. In several instances, challenges with both ALC and AP were performed 
in the same patient but on different asymptomatic days. This was done only 
when the first challenge series was negative to the highest concentrations tested. 
For example, Patient 2 did not respond after challenge with ALC, but she 
experienced a brisk response to AP. The responses of Patient 4 were similar, 
but in her case results of antigenic stimulation were reversed. 
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TABLE IV. Results of bronchial challenge tests to Alcalase (ALC) and Amylase Protease (AP) 

8 2: 0.18 Marked Marked 40 - 
9 0.18 Moderate Marked 16 - 

:: E 0.018 0.018 Moderate Moderate Marked Marked 10 15 - - 

:t AP ALC 0.5 0.018 Indefinite None Marked Marked 24 15 75 
14 AP 0.18 Indefinite Marked None - 

*Wheeze, chest tightness, or dyspnea occurring 20 minutes after challenge. 
tWheeze, chest tightness, or dyspnea occurring between 4 and 8 hours after challenge. 
$Peak expiratory flow as measured with the Wright peak flowmeter. 

Table IV summarizes results of bronchial challenge tests in 6 patients 
with a pre-existing history of asthma and in one patient who developed wheezing 
only after contact with enzyme dust. Prior to skin and organ threshold tests, 
4 of these patients (Nos. 8, 9, 12, and 14) were unaware of any causal rela- 
tionship between exposure to enzyme additives and chest symptoms. All but 
one patient showed positive skin tests to one or both enzyme extracts. Sera 
from Patients 8, 9, 10, and 14 gave positive responses in the passive transfer 
tests. Following bronchial provocations, all patients experienced respiratory 
obstructive symptoms. Significant decrease in peak expiratory flow was noted 
in all 6 patients. In some instances symptoms appeared 20 minutes after the 
challenge dose, but it was noteworthy that all patients complained of late 
chest symptoms that night. Late chest symptoms were unusually severe in 
Patients 10, 13, and 14. Patient 13 experienced a 75 per cent decrease in peak 
expiratory flow 6 hours after challenge. His obstructive symptoms progressed 
during the following week, and he required large doses of oral corticosteroids 
for a period of 2 weeks. A repeat bronchial challenge study was performed 
on Patient 14 two months later because his first challenge test was difficult to 
interpret. On this occasion serial pulmonary function tests were obtained, and 
these results are shown in Table V. He showed a progressive decrease in 
ventilatory function over a 24 hour period with a return to normal in these 
values by 5 days. However, at this time there was a reduction in carbon 
monoxide gas transfer factor. 

More comprehensive histories were obtained retrospectively from patients 
with positive respiratory challenges. In addition, their clinical courses were 
followed carefully after they were advised to discontinue the use of enzyme 
laundry products. These data are summarized in Table VI. A history of 
exposure to enzyme additives was obtained in all instances. The range of 
exposure varied between one week and 30 months. The majority of patients 
were classified as atopic, but 3 patients were nonatopic. It was of interest that 
all but one of the male patients in this group had assumed laundry chores 
in the household. The other male patient did have a previous industrial expo- 
sure, but this occurred in what is generally assumed to be a low exposure area. 
All patients noted clinical improvement after elimination of these products, 
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TABLE V. Serial pulmonary function changes in Patient 14 before and after bronchial 
challenge with Amylase Protease 

Time FEV, * FEFzoo-l,aoot FEFzww& DLCOD 

Before 2,442 6.0 3.1 26.7 
6 hr. 2,206 4.0 2.7 28.7 

24 hr. 1,98 1 3.2 27.4 
5 days 2,195 4.0 2: 20.1 

“FEV, : forced expiratory volume (milliliters) in the first second of the forced vital 
capacity. 

tFEFmo.,,m: forced expiratory flow (liters per second) between 200 and 1,200 ml. of the 
forced vital capacity. 

#FEFx.s.,,,: forced expiratory flow (liters per second) during the middle half of the forced 
vital capacity. 

$DLCO: single-breath diffusing capacity for carbon monoxide (milliliters per minute per 
millimeters of mercury). The predicted normal value for this patient was 32.0. 

but the degree of amelioration was more clear-cut in patients with no pre- 
existing upper respiratory symptoms. 

DISCUSSION 

The increased incidence of positive skin tests to the protease derivatives 
of B. subtilis in highly and moderately reactive atopic patients appears to be 
significant. Nevertheless, it is important to consider several relevant facts con- 
cerning the interpretation of positive, immediate skin tests in atopic individuals. 
It is of course essential to establish the irritant threshold of the test materials 
in order to exclude a direct histamine effect or some other nonspecific skin 
reactive factor. Both of these possibilities were excluded in preliminary experi- 
ments with the test extracts of ALC and AP.6 It is well recognized that highly 
allergic people tend to exhibit positive skin tests to a wide variety of allergens, 
many of which may not be related to clinical sensitivity. However, the un- 
equivocal association of positive intracutaneous tests, positive organ responses, 
and clinical symptoms after exposure to enzyme products in 9 patients sug- 
gests that the testing dilutions of enzyme antigens in this study were in the 
range which might be expected to correlate with tissue sensitivity. But it 
should be emphasized that the minimal test concentration of enzyme which 
would detect all degrees of skin and respiratory reactivity has not yet been 
determined. 

Intracutaneous tests proved to be very useful adjuncts in case finding, 
which was not always a simple task, even in the occupational milieu. Symptoms 
were often insidious, evanescent, and at times difficult to relate to exposure in 
sensitized factory workers. This difficulty may be compounded in domestic 
users, especially those with pre-existing respiratory disease. In addition to its 
value in case finding, intracutaneous testing proved to be advantageous in 
the epidemiologic survey, making possible the identification of the over-all 
potential for sensitization in the population under study. In this investigation, 
for example, results of intracutaneous skin testing have indicated that atopic 
patients possess a greater potential for sensitization to enzymes derived from 
B. subtilis and that the degree of sensitization may vary in different localities, 
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as evidenced by marked differences in skin reactivity between Groups 1 and 2. 
The interpretation of skin testing in this study was partially restricted at 

the other end of the spectrum. Five patients with positive histories and pro- 
vocative responses did not demonstrate positive skin tests. Negative skin tests 
were also encountered in about 20 to 30 per cent of symptomatic workers in 
two published reportsG, I2 Lack of skin response, therefore, does not preclude 
clinical sensitivity, either in workers or in consumers. 

In the skin test survey, many people demonstrated high reactivity to bovine 
ribonuclease and papain, the unrelated enzymes used as reference controls. 
Positive reactions to bovine ribonuclease appear to confirm previous work by 
Salvaggio and associates21 who reported a preimmunization incidence of 20 
per cent positive reactivity to similar concentrations of this antigen in atopic 
subjects. It is also possible that some of these positive skin tests represent 
cross-reactions with trace amounts of bacterial ribonuclease contained in the 
crude enzyme extracts.25 Although reactions to papain occur less frequently, 
they are more difficult to explain. Preliminary irritant thresholds of this ex- 
tract in atopic or nonatopic populations had not been determined in a systematic 
manner prior to the study, but it had been previously noted that some non- 
atopic workers had reacted positively to this antigen. Increased reactivity in 
atopic patients could reflect their heightened recognition of this antigen, 
which is commonly used as a meat tenderizer. It was established that heating 
extracts of bovine ribonuclease and papain at 100° C. for 30 minutes abolished 
their skin reactivity, while this procedure did not appreciably affect skin 
reactions to B. subtilis proteinases in the same patients. Because of these 
variables, which were not thoroughly evaluated before the skin survey was 
begun, it is not possible to make a direct comparison of skin reactions elicited 
by the reference enzymes to skin reactions caused by ALC and AP. 

Induction of skin sensitivity to enzymatic metabolites of B. subtilis could 
occur in 2 ways. De novo sensitization could have occurred after suitable ex- 
posure to these materials contained in laundry products or to dried residues 
from laundered clothes. Since B. subtilis is ubiquitous in soil, positive skin 
reactions also could reflect prior exposure to these natural sources. The data 
do not exclude either possibility. Once skin sensitization is established by what- 
ever route of exposure, it is then possible that further exposure to the 
proteinaceous metabolites of B. subtilis could have caused heightened antibody 
responses in these patients. Assuming that some of the allergic patients might 
have had preexisting cutaneous reactivity to B. subtilis (before enzyme de- 
tergents were introduced into their environment), these individuals would be 
“primed” for an increased response upon subsequent exposure to these enzymes 
in the household environment. This booster effect after repetitive respiratory 
exposures has been demonstrated for naturally occurring ragweed allergen.26l 27 
Moreover, previous experience gained from patients who develop spontaneous 
allergic or drug reactions would lead one to predict that once sensitization 
has occurred in a group of individuals, the dose and duration of exposure 
required for clinical response upon re-exposure to the specific antigen would 
vary widely within individuals of that group. Just this type of wide exposure 
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TABLE VI. Clinical summaries of symptomatic patients with histories of low-level exposure to 

Patient No. Race Age 

Allergic background 

Family history Personal history Classification 

w 

;: 5: 23 
W 26 
W 32 

zi 40 39 
W 20 

t 
0 
+ 
0 
t 
0 
+ 
t 
0 
+ 

*Symptoms: E-eye symptoms; N-nasal symptoms; A-asthma; CT-chest tightness. 
tThe skin test dose of ALC contained 0.08 pg protein nitrogen (0.02 ml. of l:lO,OOO extract). 
SRe-exposure: challenge-results of nasal or bronchial provocations; natural-contact with enzyme 

symptoms. 

range was observed in patients developing symptoms after exposure to enzymes. 
The organ threshold tests have provided the best evidence that clinical 

sensitivity has occurred in patients exposed to low concentrations of enzyme 
dust. Similar to the experience with occupationally sensitized individuals, 
both upper and lower respiratory symptoms were observed. Two patients seemed 
to note nasal symptoms before the appearance of lower airways obstruction. 
Although symptoms related to soap product exposure did not cause marked 
discomfort in the majority of instances, they usually persisted throughout the 
day and evening after exposure. Such prolongation of symptoms is usually 
not observed in allergic patients who may develop symptoms nonspecifically 
after exposure to soap powders. In all cases, a reasonable basis for a cause 
and effect relationship was not affirmed until the results of history, skin tests, 
passive transfer studies (in some), and organ challenge tests could be as- 
sessed in toto. The fulfillment of all these requirements makes case finding 
extremely difficult, and under these circumstances it is not surprising that 
more cases have not been reported. Eleven patients were classified as moderate- 
ly or highly atopic, but it was interesting that 3 patients were nonatopic. In 
2 patients there was limited evidence that tissue reactions to either ALC or 
AP were monospesific. This type of specific response may represent the clini- 
cal counterpart of the restricted cross-reactivity observed when the relatively 
pure subtilisins, subtilopeptidase A and subtilopeptidase B, are reacted with 
their respective rabbit antisera. 28 If these preliminary observations are con- 
firmed, future clinical studies would be incomplete unless both major types 
of enzyme reagents were utilized for skin and organ testing. 

All patients who experienced positive provocative tests confirmed that 
these induced symptoms were similar to those which appeared after natural 
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enzyme additives 
- 

Enzyme related data 

Exposure I Skin test reactivityt I RaexposureS 

Months 1 

24 
30 
12 

1 
12 
24 

8 
9 

20 
24 
1: 
% 
12 

Symptoms* ALC AP Status after elimination Challenge Natural 

4+ + Improved 
i: ; Asymptomatic 
0 0 Improved 
3+ 2+ Improved 
0 0 Improved 
1+ 0 Improved 
3+ 2+ Improved 
0 4+ Improved 
4+ 2+ Improved 
4+ 4+ Asymptomatic 
1+ 0 Improved 
4+ 2 Improved 
2+ 3+ Asymptomatic 
0 2+ Improved 

t 
t 
+ 
t 
t 
t 
t 
t 
t 
t 
t 
+ 
t 
t 

+ 

Not +done 

Not ‘done 

Not sane 
Not done 

+ 

Not :lone 
Not done 
Not done 
Not done 

The skin test dose of AP contained 0.06 pg protein nitrogen (0.02 ml. of 1:37,500 extract). 
detergents either deliberately or inadvertently after patient became aware of enzyme-associated 

exposure. Characteristic late bronchial responses were noted in all patients 
undergoing bronchial provocation. The pathogenesis of these late pulmonary 
reactions is unknown. Pepys and co-workers2 originally suggested that these 
delayed clinical manifestations could be the results of an Arthus reaction. 
However, the relationship of precipitins to this disease is as yet unresolved. 
For example, it has been demonstrated that the subtilopeptidase enzymes may 
bind nonspecifically to alpha-2 macroglobulins and alpha-l antitrypsin serum 
proteins.20 On the other hand, Berson and associates,30 using a more sensitive 
radiolabeling technique, reported specific binding of enzyme antigens in the 
serum peak adjacent to gamma globulin. Delayed bronchospasm conceivably 
could also be elicited by another population of reagins analogous to different 
types of homocytotrophic antibodies encountered in other animal species, e.g., 
the IgGa type in rats. 31, 32 Parish3” has suggested recently that a complement- 
dependent IgG with short-term skin-fixing properties could contribute to tissue 
changes in diseases of this type. Alternative nonimmunologic mechanisms 
have also been proposed.6, 34-38 

Although the association of enz;yme exposure and gas transfer abnormality 
was documented in only one patient, it is a particularly worrisome finding. 
Fortunately, experience in the occupationally sensitive population indicates 
that this defect is reversible after the affected individual is removed from 
further exposure to enzyme dust. 6, lo However, in the case of domestic users, 
the possibility exists that impaired gas exchange could develop insidiously 
after exposure to low concentrations of enzymes over a long period of time. 
In such instances, an association between lung changes and exposure to en- 
zymcs might never be suspected, much less documented. Impairment of gas 
transfer also suggests that another mechanism might be involved. Until now 
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delayed hypcrsensit,ivity has not been seriously considered, but there is some 
evidence t,hat, this possihilit,y should be pursued more vigorously. A typical 
tuberculin-like skin reaction, confirmed by skin biopsy, has been observed in 
one worker with occupational sensitization. lG In 1969, Simon and PollakS3 
reported biopsy-proved gra.nulomatotLs lung disease ill ;I workrr senritized 
by inhalation of glucose oxidase derived from ~lsperf~ill~us oryzcxe. This or- 
ganism iS alSO a source of proteinast% n-hose substrate specificities arc very simi- 
lar to those of the subtilisins. I0 

Anaphyla.ctic scnsit,izatiotl to a wide variety of cniq-mrs is a c.alculatntl 
hazard either in occupational or Laboratory settings or when these mat,erisls 
are used for the treatment of human disease. Apparently t,hc anaphylactogenic 
potential of these agents dt:l)ends upon their chemical structure, c’xposure dose, 
number of esposures. and the? route of exposure. Intrract.ion of t,hese proteins 
with detergents may also a&rat their allergenicitp, since in vitro experiments 
ha.ve indicated that anionic and cationic detergclnt,s are rffective inducers oC 
conformational change arid liolin format.iori in various types of rnacrc,molcc,ular 
proteins.4’ Whether such changes would increase or decreasrl t,hc allergenic 
pot,ential of tlnxyme mol~ulos is unknown. Previous rc8port.s of ana$~ylactic 
reactions to trypsin and chymotrypsin art: pertinent sirrctb tlrcrc ill’t? man> 
structural and chemical similarities between t.hesc erqmcs of animal origin 
and the subt,ilisins used in the ulannfaeture of soap products.*‘+ On the basis 
of these common characteristics. it, was predictable that anaphylactic scnsi- 
tivity phenomena would appear under the proper P?L posurc~ conditions. The 
large number of workers who developed sensitizat,ion as a result of occupational 
exposure has validated this assumption. As iliustrated by the individual cases 
reported here, similar reactivity has also been demonstrated in people exposed 
to low-levt~l co~tcentra.tions of laundry products. 

Systemat,ic. study o F rnzyme sensitization had not rc4ved wide at.t,cn tion 
previously becausr! it, wa.s always much simpler to cont,rol the industrial en- 
vironment or to restrict. 11le tlsc of cnzpmo products in affect&i patients. 
Criep and Rcam”1 reporttd that 14 of 94 volunteers developed positive skin 
tests after intra.musaular injections of 1.0 mg. of trppsin over a 2 week period. 
The closest cxperim~~nt,al coroll;lry lo t hcb present results may b(l found in the 
cxpcriments of Xi111 d,, r* fl*trio ant1 co-workers.” in which at.opir \~olunteers wcrc 
sensitized intra,na,saJly with r~r\&lHino bovinc ribonucleasc. In their ,paticnts 
the sequence of sclnsitixation was t.hv appearance of <lirrtct skin reactivit,y fol- 
lowed by nasal symptoms and linally lmsitivr passive tratisfcr tests. All thrw 
phenomena have been demonstrated in this investigation. 

The soap and detergent industry maintains that consumer complaints re- 
suiting from t,lw use of crqvma laundry I)mducts hare been negligible, prc- 
sumably because cxposurc le~ls under household cBonditions are too low. 
Supporting this concept, was a rc>c*clnt, industrial cngimcring invcst,igation in 
which exposure doses ww rnonitorccl under home conditions of laundry ac- 
t,iyities and in a laborat,ory setting in which detergents were dispensed in a 
likn manner.” About 0.27 b 1g of dctergerlt dust t’xptrsllrc pw wp of produet 

was generiltecl by ordinary wnsumcr use. and this dose contained less than 
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0.05 per cent enzyme. It was concluded that not only was consumer exposure 
extremely low but it also was only a small fraction of levels considered safe 
for industrial exposure. On the other hand, guinea pig experiments conducted 
by Wiberg, Lavalee, and Perelmutter* under simulated conditions of house- 
hold usage have demonstrated that sensitization occurs 50 to 60 days after the 
initial exposure. These divergent results are difficult to reconcile, especially 
since this investigation and 3 other reports’, 17, I8 have established that there 
is a reservoir of predisposed individuals, some of whom have already developed 
clinical symptoms to enzyme powders contained in detergent laundry products. 
Either the required sensitization and challenge doses of enzyme additives are 
exceedingly small or individuals are exposed to higher concentrations of enzyme 
dust than was detected in the industrial studies. It is also possible that con- 
sumer sensitization could have occurred by contact with dried residues of 
enzyme detergents on clothing, but the dosage involved in this type of exposure 
is unknown. 

A total of 19 individuals exposed to low concentrations of these materials 
now have been reported to have developed hypersensitivity symptoms. This 
incidence of sensitivity in consumers is about 4 per cent of the total number 
of cases recorded in the literature thus far. The ratio of atopic to nonatopic 
background in the consumer group is 4:1, while it is approximately 3 :2 in the 
occupational group. 

Extrapolation of these results to the general population at this time would 
be premature. However, they reinforce the opinion that there is a real basis 
for concern regarding consumer sensitization to enzyme household products.52-55 
Furthermore, the wide range of exposure time before symptoms develop in 
these patients does not permit a reasonable estimate about minimal levels of 
exposure which would exclude the possibility of sensitization entirely. In con- 
sidering these facts, responsible officials of industry and government may exer- 
cise two options at the present time. Perhaps the more prudent decision would 
be to ban the incorporation of respirable enzyme materials from all soap 
products until the safety factor has been resolved. A second choice is under 
consideration by proponents of enzyme soap products. They believe that a 
new technology of prilling or encapsulation of detergent granules will reduce 
enzyme dust to a “no side effect” level. If their estimates are correct, they 
should be required to provide scientific data on the effects of low-level, long- 
term exposure to these products either by direct inhalation or indirectly from 
dried residues on clothing. In the meantime, labeling regulations should be 
invoked so that physicians may advise and consumers may choose other products 
if predisposing factors in a given case would increase the risk of sensitization 
to these substances. 

I am indebted to the Procter and Gamble Company for supplying adequate quantities 
of enzyme materials, to Dr. Stacey Greenert for assistance in the passive transfer studies, 
to Dr. Stuart Brooks for performing pulmonary function tests in Patient 14, to Mary Kerr 
for the histamine det,erminations, and to Martha Held and Joy Eckhardt for their skilled 
technical assistance. 

*Personal communication. 
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