Correlates of skin test reactions to

Bacillus subtilis enzyme preparations
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In a selected group of detergent industry workers, a close relationship was observed
between cutaneous sensitivity and respiratory symptoms from exposure to air-borne
B. subtilis enzyme-containing products. In intraoutaneous tests with comparatively
high concentrations of two B. subtilis products used commercially, prolonged responses
which were generally maximal in diameter at 6 to 8 hours were present at the sites
of 75 per cent of 35 “immediate” wheal and flare responses but not at skin test-nega-
tive sites. Precipitin reactions with human sera were nonspecific. Antibodics of the
Igd and IgM classes were not detectable in the sera of most subjects with the
responses observed at 6 to 8 hours. Antibodies of the IgG class were present in most
of these sera but were also present in the sera of some subjects with immediate reac-
tions without ensuing responscs. Apart from the obligatory preceding “immediate”
wheal and flare reaction, responses which evolved over 6 to 8§ hours could not be
related to any immunologic finding. Evidence is presented which illustrates that
reactions observed at 6 1o 8 hours did not have a necessary dependence upon the
presence of proteinase activity in antigen preparations. Prausnitz-Kistner reactions
to B. subtilis antigens and to ragweed antigen E evolved over a period of hours and
were similar to gross appearance to those scen in actively sensitized industrial
workers. In the discussion, these results are considered in relation to mechanisms
underlying prolonged cutaneous allergic responses.

The times of onset, duration, and gross characteristics of cutaneous
allergic reactions to antigen are considered useful in the identification of tvpes
of reactions and underlying immunologic processes.! The cutaneous reaction in
reagin-dependent type I hypersensitivity? takes the form of a wheal and flare
response which is maximal at 15 or 20 minutes and typically subsides in an
hour or two. This “immediate” hypersensitivity is considered to be largely due
to the interaction of antigen with antibody of the TgE class.? Bronchopulmonary
aspergillosis and pulmonary disease from the inhalation of certain organie dusts
are associated with “dual” responses to inhalation and to intracutaneous antigen
challenges.* In the dual cutaneous response, resolution of the immediate response
is described, followed by a “late” response which is generally maximal at 6 to 8
hours and is considered to be precipitin dependent.®

Industrial exposure to airborne Bacillus subtilis enzyme products is known
to lead to respiratory disease in some workers.® Nasal symptoms, breathlessness,
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and nonproductive eough oceur during the course of the working day; in addi-
tion, affected persons report the presence of symptoms which persist after work
and are troublesome at night. Tests for cutaneous sensitivity to B. subtilis
enzyme products are positive in most symptomatic and in many asymptomatic
exposed workers.”** Dual pulmonary and cutaneous responses from appropriate
challenges with B. subtilis enzyme products have been deseribed in sympto-
matie workers.' !

The present report deseribes relationships between respiratory syvmptoms
and the results of intracutaneous skin tests in a selected industrial population
exposed to B. subtilis enzyme products. Tminediate cutaneous reactions and
responses obscrved at 6 to 8 hours are considered in relation to serum anti-
bodies. Intracutaneous tests with enzyme preparations mixed with histamine
and with histamine and bradykinin, to simulate allergic reactions of the wheal
and flare type, and separate Prausnitz-Kistner (P-K) tests were performed
in experiments designed to examine the possible significance of proteinase ae-
tivity of the antigen preparations in the development of responses observed
at 6 to 8 hours. Tests for serum antibodies of the various immunoglobulin classes
were performed by labeled antigen-binding methods in an attempt to identify
a reliable immunologic correlate of the observed cutancous allergic responses.

MATERIALS AND METHODS
Antigen preparations

Crystalline preparations of the B. subtilis alkaline proteinases subtilopeptidase A (SPA)
and subtilopeptiduse 13 (8PB),12,13 puritied preparations of SPB and B. subtilis amylase, and
samples of two B. subtilis enzyme preparations used industrially were employed. SPA was
found to be the predominant 1. subtilis alkaline proteinase in one of the industrial prepara-
tions and it is hereafter referred to as “nonpurified preparation A” (NPPA). SPB was the
predominant alkaline proteinasc of the other commercial preparation hereafter referred to as
NPPB.14 Ragweed antigen E and a commercial preparation of whole ragweed extract (Omega
Laboratories, Toronto), obtained as a 30,000 protein nitrogen units (PNU) per milliliter of
solution and exhaustively dialyzed, were used in P-K tests.

Allergy skin tests

Preliminary tests in the industrial population by the scrateh test method were performed
with NPPA and NPPB solutions prepared by the separate addition of 0.5 mg. for each
milliliter of 0.15M borate buffer, pH 8.0, followed by passage of the solutions through a
Millipore filter,

Intracutancous tests in nonexposed normal lahboratory workers and in exposed industrial
workers were performed by the injection of 0.02 ml. of the NPPA and NPPB solutions
diluted fivefold. Despite the use of an antigen concentration which was tenfold higher than
that which was used routinely to test for sensitivity, it was possible to readily distinguish the
small pale papule at the injection site in nonexposed subjects from immediate reactions seen
in sensitized persons. Reactions were measured in two perpendicular directions at 15 minutes,
and those reactions in which the mean wheal diameter was greater than the value of the
mean * one standard deviation for the normal nonexposed population were considered to be
positive. Test sites were again examined at 6 to 8 hours after intracutaneous challenge and,
in some cases, during the interveming period. In many instances, the immediate reactions
seemed to subside over an hour or two, but they did not disappear completely; there was &
disappearance of the flare, but at the site of the wheal some swelling persisted. After 2 to 3
hours, the predominant alteration was a convex swelling at the site. At 6 to 8 hours the
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lesions were less raised, but there was a pale to bright erythema of a greater diameter. A
slight itchiness, tenderness to tapping, and a sensation of warmth were generally present.
Diameters of the zones of erythema were measurcd in two perpendicular diameters at 6 to 8
hours, and the sizes of responses were expressed as mean diameters. Most responses were
reported to have largely disappeared by the following morning. The largest responses tended
to persist longest. The components of these reactions which evolved over a period of hours
following the wheal and flare responses are designated “6 to 8 hour responses.”

Histamine and bradykinin added to NPPA and NPPB were used in skin tests to simulate
allergic wheal and flare reactions in subjects not sensitive to B. subtilis products. Histamine,
1:1,000, was mixed with an equal volume of the NPPA or NPPB solutions prepared for
intracutaneous tests. When both histamine and bradykinin were used, histamine, 1:1,000, was
mixed with an equal volume of bradykinin (BRS 640, Sandoz, Basle), 100 ug per milliliter,
and the mixture was added to an equal volume of NPPA or NPPB.

[n P-K tests, 0.1 ml. volumes of resgin-containing sera were used to separately sensitize
multiple skin sites of nonallergic recipients. Appropriately sensitized sites were challenged
separately with about 0.02 ml. of a number of B. subfilis and ragweed antigen preparations.
The NPPA and NPPB were those solutions prepared for intracutanecous tests. A dialyzed
30,000 PNU per milliliter solution of whole ragweed antigen was used (see above). SPB,
B. subtilis amylase, and ragweed antigen E were used in concentrations of 100 ug per milliliter.

Study populations

Tests of cutaneous sensitivity to NPPA and NPPB preparations by the serateh test
method and tests for the presence of serum antibodies of the IgG class by radioimmuno-
diffusion (RID) were done routinely on patients seen at the industrial health elinic. On the
bagis of the results of skin tests for immediate reactions and in the absence of any
information relating to the symptomatic state or to prolonged allergic reactions at skin test
sites, a group of subjects was selected to comprise approximately equal numbers of persons
with and without cutaneous reactivity. In addition, the selection was performed in such a
manner that in each group there would be persons with and without serum antibodies of the
TgG class based upon the preliminary RID tests with sera previously takem: This was to
potentinlly permit an effective analysis of relationships between immunologic findings and
cutaneous responses. The 60 subjects chosen were among workers who had the greatest early
exposure to B. subtilis products and the earliest cvaluations for sensitivity to these products.
The test population ecomprised a total of 37 of the selected subjects who happened to he at
work on the day shift on one or other of two days, onc week apart, in late 1969. On one
or other of the two days, symptom histories were recorded, hlood specimens were taken, and
intracutaneous tests were NPPA and NPPB were performed.

Sera also were collected during 1968 and 1969 from 39 asthmatic subjects from a clinie
population and from a group of 22 normal laboratory workers with no industrial exposure to
B. subtilis preparations.

Two sera were used in P-K tests; one was from a subject with clinical sensitivity to
B. subtilis products and strongly positive skin tests to NPPA and NPPB, and the second was
from a clinic patient who was sensitive to ragweed but had not received antigen injection
treatment. Corresponding antibodies of the IgE elass were observed in RID tests. The ragweed
reaginic serum was selected after examination by RID for the presence of antibodies to
ragweed antigen E of the IgG, IgA, znd IgM classes; antibodies of the IgG class were
detectable at the limits of detection by this method, and antibodies of the IgA and TgM
class could not be detected.

Antibody studies

Double-diffusion tests for precipiting were initially performed in 1.5 per cent agar in
0.15M phosphate buffer, pH 7.4. Unstained patterns were read at 1, 2, and 3 days. Tests were
also performed in agar in citrate buffer, pH 7.0. The test serum was placed in 12 mm. central
wells, and the antigen solutions (NPPA, 10 and 40 mg. per milliliter in borate buffer) placed
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in peripheral wells 4 mm. in diameter and at a 4 mm. distance. After storage at 4° . and
daily reading for 3 days, they were washed at 4° C., dried, and stained with amido black.

Radicimmunoelectrophoresis (RIEP) and RID were performed hy a two-step method as
previously described,15 except that trays were stored at 4° C. after the addition of labeled
B. subtilis preparations. Antisera to IgA and IgM were obtained from commercial sources
and absorbed with lyophilized cord serum and a lyophilized DEAE-cellulose-purified serum
1gG preparation, respectively, to render them monospeeific. Antiserum to 1gG was prepared by
the injection of purified IgG in complete Freund’s adjuvant into rabbits; the antiserum was
not further treated. Antiserum to human IgE was prepared by the immunization of rahbits
with purified 1gE myeloma protein followed by ahsorption of the antiserum with normal human
serum. The NPPA, NPPB, and ragweed antigen T were labeled with 1251 by the chloramine-
T method.’6 A successful labeling of all antigenic components of NPPA and NPPR was
demonstrated with RIEP examinations performed with rabbit antisera {o these preparations.

Tests for antibodies of the IgG elass to B. subtilis products were performed hy RIEP
and RID, and tests for antibodies of the IgA and IgM classes were performed by RID. Results
were found to he more distinet when a nonlabeled sample of the alternate B. subtilis prepara-
tion was added to the test pattrrn prior to the addition of the labeled NPPA or NPPR
preparations. The tests were done with and without the prior addition of the ulternate non-
labeled preparations. Serum specimens were tested in duplicate by each method. Serum anti-
body of a particular class was considered to he present if any one of the multiple tests indi-
cated the presence of untigen binding which was greater than that of control sera tested
simultaneously.

In a coprecipitation test, 0.1 ml. of the test serum diluted 1:40 in 0.15M phosphate-
buffered saline, pH 7.4, was mixed with the 125I-lubeled NPPA. Preliminary titrations of
labeled antigen assured that the quantity of labeled antigen was not a limiting factor in
the tests. Following overnight incubation at 4° ., an optimal quantity of rabbit antiserum
to TgG was added to the reaction mixture. It wax mixed, stored at 4° (. for another 4
hours, and centrifuged. After four washes with precooled borate huffer, the precipitate was
counted in a well-type scintillation counter. In the coprecipitation tests, the addition of a
small quantity of nonlabeled NPPB, which contained less than 0.001 per cent SPA,u prior
to addition of NPPA resulted in an improved diserimination between sera from nonex-
posed subjects and sera from subjects with industrial exposure to B. subtilis in which anti-
bodies of the IgG class were demonstrated by RIEP. The prior addition of NPPB could be
cxpected to block nonimmunologic binding of the labeled NPPA to serum proteins.17.1s Pre-
liminary tests with serial dilutions of test sera in normal human sera revealed a linear rela-
tionship between the antibody content and the coprecipitated radioactivity.

RESULTS
Relationship between symptoms and skin test reactions

In intracutaneous tests in the normal population with no industrial exposure
to B. sublilis products, the wheal diameter mean + one standard deviation
(8.D.) was 3.5 + 1.5 mm, for the NPPA and 5.1 + 1.4 mm. for the NPPB prep-
aration, All tests with the NPPA and NPPB preparations with wheal diam-
eters greater than one S.D. above the normal mean were considered to be posi-
tive.

Cutaneous responses to NPPA are illustrated in Fig. 1. There was a high
frequency of positive tests only in the group of symptomatic exposed subjects.
There were positive tests in two nonexposed subjeets and one exposed industrial
worker who denied symptoms. Three subjects who claimed to have respiratory
symptoms from exposure to the B. subtilis produets had negative skin tests to
NPPA. Results with NPPB were similar. Table I illustrates that 18 of 20
symptomatic workers had immediate reactions to at least one of the antigen
preparations.
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FIG. 1. "Immediate” reactions in introcutaneous tests with the B. subtilis preparation,
NPPA. The wheal diameters in normal adults with no industrial exposure to B. subtilis
products and in industrial workers with and without respiratory symptoms are illustrated.
A mean wheal diameter greater than 5 mm. at 15 minutes after the injection is taken
to indicate a positive test. Almost all symptomatic workers had positive skin tests.

TABLE I. Immediate cutaneous reactions to the B. subtilis products NPPA and NPPB

No Industrial exposure
industrial
Test exposure No symptoms Symptoms
Positive test with A and/or B preparation 3 3 18
Negative test with A and B preparations 16 14 2

There was a close relationship between positive skin tests and the presence of symptoms.

Responses were present at 6 to 8 hours at the sites of 75 per cent of the skin
tests which exhibited immediate reactions but were almost invariably absent at
sites at which no immediate reaction occurred. The relationship between imie-
diate reactions and 6 to 8 hour responses to NPPB is illustrated in Fig. 2.
No 6 to 8 hour responses were identified in nonexposed subjects. There were
similar results in tests with NPPA. There was no apparent relationship between
the presence or absence of 6 to 8 hour responses and a predominance of nasal
symptoms or of chest symptoms.

In one subject, immediate reactions to NPPA and NPPB subsided within
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FIG. 2. Immediate reactions and "6 to 8 hours responses”” to NPPB. Mean diameters of
the wheals are plotted on the vertical axis and 6 to 8 hours responses on the horizontal
axis. Responses present at & to 8 hours after intracutaneous injection of antigen occurred
at the sites of 15 of 18 immediate reactions. In the absence of immediate reactions,
there were generally no 6 to 8 hour responses.

2 hours and were followed on the second day by large red indurated reactions
which gradually subsided over a period of 7 to 10 days. e claimed that shortly
after industrial exposure to “enzymes’ there were nasal symptoms which sub-
sided over a period of hours, but he did not develop respiratory symptoms which
corresponded in time to the delayed reactions observed at the skin test sites.

Relationship between serum antibodies and skin test resuits

Tests for precipitins were positive in approximately one third of the serum
specimens from persons with and without industrial exposure to B. subtilis
preparations. Results did not relate to the presence or absence of serum anti-
body as determined by labeled antigen-binding techniques. The lines did not
have the sharp quality of usual immunologic precipitin lines and were not
observed in washed, stained preparations.

Results of tests for serum antibodies to NPPA of the Ig(G, 1gA, and IgM
classes in normal subjects, in nonexposed asthmatic subjects, and in the pre-
selected population of exposed industrial workers are illustrated in Table II.
Tests for the presence of antibody of the IgG class were performed by RID
and RIEP. The **°I labeled NPPA binding by IgG of the serum of one normal
and one nonexposed asthmatie subject was confirmed hy repeated tests. Neither
had cutaneous reactivity to NPPA. The method of selection of subjects (see
Materials and methods) explains the presence of antigen binding by the IgG
of the sera of 11 of 18 exposed industrial workers with no cutaneous responses
to NPPA; this high frequency does not represent the prevalence in the total
industrial population.’® There was antigen binding to the serum IgG of 13 of
14 subjects with both immediate and 6 to 8 hour responses. Tests with one serum
specimen were repeatedly negative. In the sera of 3 of 4 subjects with imme-
diate reactions but no 6 to 8 hour responses, antibodies of the IgG class to
NPPA were present. Antibodies of the IgA and I1gM classes to NPPA (Table
II) and NPPB were not demonstrable in most of the sera, In the coprecipitation
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TABLE Il. Serum antibodies to NPPA

Radioimmunodiffusion
Coprecipitation
Patient |  with 1gG* 196 | 1gA | igm
Immediate and 6-8 hour cutaneous responses T. B. 147 + +
J. C. 78 + + -
A G. it ++ + -
D. H. 89 + + -
P.H. 451 ++ - -
K. L. 673 +++ + -
K. S. 70 + - -
W. W, 149 + - -
G. Y. 501 ++ - -
B. C. ND + - -
W. M. 127 + - -
G. P. 202 +
J. s, 90 - - -
R.T. 151 + - -
[mmediate reaction only 41 54-420 3/ 4t 2/ 4 0/ 4
No reaction 17 74-450 11/18 6/18 0/18
Nonexposed asthmatie patients ND 1/39 0/36 0/36
Nonexposed normal subjects Mean * 2 8.D.  1/22 ND ND
114 * 47.5

The results illustrated are of tests of antibodies in the sera of the selected population of
exposed industrial workers who exhibited immediate and 6 to 8 hour, immediate only,
and no responses in intracutaneous tests with NPPA and of nonexposed normal and
asthmatic subjects. Due to the method of selection of the test population (see Materials
and methods), the results do not indicate the prevalence of serum antibodies in the
total industrial population. Tests for antibodies of the IgA and IgM classes were by RID
and of the IgG by RID and RIEP. Antibodies of the Ig(+ class to NPPA were present in
persons with immediate reactions with and without 6 to 8 hour responses. A single subject
with an immediate reaction and a large 6 to 8 hour response had no detectable antibody
of the TgG class. The mean counts per minute + 2 standard deviations for normal sera in
the coprecipitation test was 114 £47.5. None of the tests provided a reliable correlate of
6 to 8 hour responses in subjects with immediate sensitivity.

*Counts per minute of coprecipitated 125T-labeled NPPA.
tNumber of subjects.
tNumber of sera with detectable antibodies/number tested.

test there was a wide distribution of antigen binding in the sera of exposed
industrial workers with immediate and 6 to 8 hour, immediate only, and no
cutaneous responses.

Iig. 3 illustrates relationships in skin test—positive subjects between cu-
taneous responses and serum antibody levels determined hy the coprecipitation
procedure. In persons with immediate cutaneous reactions to NPPA, there was
no apparent relationship between the observed serum levels of antibody to
NPPA and the development of 6 to 8 hour responses.

Relationship between proteinase activity of antigen and 6 to 8 hour responses

Skin tests in industrial workers exposed to B. subtilis products suggested an
apparent dependence of 6 to 8 hour responses on preceding wheal and flare
reactions. It was hypothesized that if proteinase activity of the antigen could,
in some way, produce 6 to 8 hour responses, this had to oceur at the site of
wheal and flare reactions. Histamine and bradykinin were used to simulate
allergic wheal and flare responses. NPPA and NPPB separately mixed with
histamine and used in a total of 7 tests in nonsensitive subjects produced wheal
and flare responses in which the mean of the wheal diameters at 15 minutes
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FIG. 3. Coprecipitation test results in subjects with positive skin tests to NPPA, '25]-labeled
NPPA was coprecipitated from serum specimens with an antiserum to IgG. The mean counts
per minute + 2 standard deviations for normal sera was 114 £ 47.5, The numbers indicate
the mean counts per minute of three simultaneous tests performed with the individuals’
sera; there was no apparent relationship to the 6 to 8 hour responses.

was 11 mm. The reactions subsided at the same time as reaetions induced by
histamine alone. A total of 14 tests in 7 nonsensitive subjects were performed
with a histamine-bradykinin mixture added to NPPA or NPPB. The mean
wheal diameter at 15 minutes was 10 mm. There were no 6 to 8 hour responses.

In order to compare the B. subtilis antigen preparations with an antigen
which contained no detectable proteolytic activity, P-K tests were performed
in two recipients at separate cutaneous sites passively sensitized with a B. sub-
tilis—reaginic serum and a ragweed-reaginic serum. The sensitized sites were
separately challenged with 0.1 mg. per milliliter solutions of NPPA, NPPB,
SPB preparation, B. subtilis amylase, and the dialyzed 30,000 PNTU per mil-
liliter ragweed antigen solution. Each of the B. subtilis preparations was
reactive in skin sites sensitized with the B. subtilis-reaginic serum and non-
reactive in sites sensitized with the ragweed-reaginie serum. Following im-
mediate reactions to the B. subtilis and ragweed antigens at sites sensitized with
the corresponding reaginic sera, the reactions to B. subfilas and ragweed anti-
gens evolved with typical gross appearances of 6 to 8 hour responses (see Ma-
terials and methods).

Relationship between IgG antibodies and 6 to 8 hour responses

A mixture of histamine and NPPA was injected intracutaneously in two
nonsensitive industrial workers with serum antibodies of the IgG class to NPPA.
There were the expected histamine-induced wheal and flare responses but there
was no component which could be observed 6 to 8 hours later. Thus, by this
method, it was not possible to create conditions for the demonstration of a
relevance of circulating antibodies of the gl class to the 6 to 8 hour responses.

Cutaneous sites of a nonallergic subject were sensitized with a ragweed-
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reaginic serum which contained antibody of the IgG class at the limits of de-
tectability and no detectable antibody of the IgM or IgA classes to ragweed
antigen 1§ in RID tests. The serum of the recipient contained no detcctable
antihody to ragweed antigen E. After a latent period of 9 days, the sites were
challenged with a 100 pg per milliliter of solution of ragweed antigen K. There
were allergie reactions with 6 to 8 hour components.

DISCUSSION

Intradermal skin tests with B. subfilis antigens were negative in the ma-
jority of subjects with no industrial exposure to B. subtilis preparations and
in industrial workers with no symptoms resulting from exposure. In this pre-
selected Industrial population, the tests were highly sensitive and selective
as indicators of symptoms. This relationship between svmptoms and eutaneous
responses is mueh closer than was observed in larger surveys of exposed in-
dustrial populations.™ ® ' The close relationship is probably determined by a
number of factors. Workers knew when “enzymes” were being processed and
were specifically asked if symptoms were present at times corresponding to
times of exposure. In addition, the method of selection resulted in the inclusion
of workers who were among those with the greatest initial exposure to B. sub-
tilis preparations. This might be cxpected to reduce the frequeney of sensi-
tivity unaccompanied by symptoms. Improved industrial methods with resulting
reduetions in levels of exposure have greatly reduced the frequency of symptoms
among sensitized individuals.

Six to 8 hour cutancous responses more than a few millimeters in size were
invariably preceded by immediate reactions. The various tests of serum anti-
bodies failed to provide a reliable correlate of 6 to 8 hour responses in persons
with immediate reactions. Apparently positive tests for serum precipiting did
not relate to industrial exposure or to the antibodies contained in the area.
The observed lines are considered to be nonimmunologic in origin.?" The failure
to detect immunologie precipiting could have been due to the proteolytic ac-
tivity of the preparations or the nonimmunologic binding of the alkaline pro-
teinase antigens.'™ '® The use of concentrated sera might possibly have elicited
the presence of precipitins in some instances.

The possible relationship of serum antibodies of the Ie(, IgA, and I1gM
classes and 6 to 8 hour responses was examined. Antibodies of the IgA and IgM
classes were not detectable in the sera of most sensitive subjects with 6 to 8
hour responses. Antibodies of the Tg(: class were present in the sera of most of
these subjects, but there was no clear relationship hetween the 6 to 8 hour
responses and results of qualitative or quantitative assayvs of antigen binding
by these antibodies.

The proteinase activity of antigen preparations could not be shown to be
responsible for 6 to 8 hour responses. C'utaneous reactions to mixtures of B. sub-
tilis preparations with histamine and with histamine and bradykinin produced
only typical mediator-induced wheal and flare reactions. Passive cutaneous
reactions to B. subtilis enzyme produets and ragweed antigens in which no
proteolytic activity eould be demonstrated followed time courses whieh were
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similar to each other and to those observed in actively sensitized workers. Tn
hoth instances, high antigen coucenirations were used, and a persistance of
antigen might explain the prolonged responses. The absence of a necessary de-
pendence upon proteinase is, however, clearly illustrated by the tests with rag-
weed antigen.

Intracutaneous injections of histamine mixed with NPPA in nonsensitive
workers with serumn antibodies to NPPA of the 1gG elass tailed to demonstrate
a contribution of these antibodies to 6 to 8 hour responses. Moreover, Praus-
nitz-Kistner tests in which a latent period of 9 days was allowed prior to anti-
gen challenge exhibited 6 to 8 hour responses. The ragweed-reaginic serum used
in sensitization and tested by RID and RIEP tests contained detectable anti-
bodies to ragweed antigen E of the 1g(i class hut not the IgA or IgM classes.
The long latent period was to reduce the possibility that antibodies of classes
other than [gE might be retained at the sites of passive sensitization ' ¥

The deseribed observations itlustrate an appavent dependence of 6 to 8 hour
responses upon the presence of “tissue sensitization.” It was not possible to
demonstrate that these responses require the participation of antibodies of mul-
tiple immunoglobulin classes. On the contrary, the findings suggest that the
evolution of responses over a period of many hours may, in some way, he in-
trinsic to the type T allergic reactions. There was no direet information relating
to the possible participation or nonparticipation of complement or eomplement.-
fixing antibody in the ¢utaneous responses; this would probably best he obtained
by immunofluorescent studies of hiopsies of cutaneous reactions. However, com-
plement fixation is a propertyv of antibodies of the Ig( and IgM classes® hut
not the Igh elass.? Indireet evidence based upon assays of antibodies of the
various classes suggest that the prolonged cutaneous allergie responses ohserved
do not require a complement-dependent component. Even if this is the ease,
it does not mitigate the relevance of complement-dependent processes in “late”
allergic responses, Indeed, these prolonged cutaneous responses which appear
to be reagin-dependent might, in fact, be the necessary eondition for the super-
imposition of additional immunopathologic processes. Regardless, from a prae-
tieal standpoint, it would presently appear that it is not possible to assume
a simple and direct relationship between allergic responses which evolve over
a period of hours and the presence of serum precipiting or the involvement of
complement-dependent Arthus reactions.

Supplies of erystalline XPA and SPR from Gerda Madsen of Novo Industri A/S, Copen-
hagen, and purifiel SPB and B. subtilis amylase from Sidney G. ('lark of Monsanto Corp., St.
Louis, were kindly provided as gifts. Ragweed antigen E was received as a gift from Dr. 1L
W. Sievert, Abbott Laboratories, Chicago. We are grateful to Dr. J. Bienenstoek for a supply
of antiserum to human IgE. The technical assistance of Mr. Tom Chan and the assistance in

the preparation of the manuscript by Mrs. Bessie Wong and Miss Susan Kochmanski are
gratefully acknowledged.
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