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I?a a selected group of detogent industry corkers, a close relationship was obscwcd 
between cutaneous sensitil;ity ad respiratory symptoms from exposure to aGr-borne 
1~. subtilis enzyme-containing products. In intra,outaneou,s tests with comparatively 
hi,gh concentra,tions of tu;o B. subtilis products used commercially, prolonged responses 
which were generally maximal i+a diameter at 6 to 8 hours were present at the s&s 
of 75 per cent of 35 “immediate” when1 and flare responses but not at skin test-ncga- 
tiue sites. Precipitin rea,ctions %?ith human sera were nonspecific. Antibo&cs of the 
IgA and IgX clrrsses were not detectable in the sera of most subjects with the 
responses observed at 6 to 8 hou,rs. Antibodies of the IgG class were present in most 
of these sera but were also present in the sera of some subjects with immeditrte IWO- 
tions without ensziing responses. Apart from the obligatory preceding “immedkte” 
dzenl and flare reaction., respo’qses which evolved oljer 6 to 8 hours could not be 
related to any immunologic finding. Evidence is presented zchich illustrates thnt 
rettctions observed at 6 to 8 hours did not have n necessary dependence upon tkc 
presence of proteinase activity sin nntigen preparations. Prausnitz-h-iistner 9 enctlons 
to B. subtilis antigens and to mgweed antigen E evolved over a period of hours rind 
wre similar to gross appearance to those seen in adztively sensitized iikkstrial 
~orknrs. In the aisfll.e0n, these results are consided in relation to mechanisms 
underlying prolonged cutaneous allergic respon,ses. 

The times of onset, duration, and gross characteristics of cutaneous 
allergic reactions to ant,igen are considered useful in the identification of types 
of reactions and underlying immunologic l~roccsscs. 1 The cutaneous reaction in 
reagin-dependent type I hyperscnsitivity2 takes the form of a wheal and llare 
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 Iof the IgE class.3 Bronchopulmonary 
aspcrgillosis and pulmonary disease from the inhalation of certain organic dusts 
arc associated with “dual” responses to inhalation and to intracutaneous ant igcn 
challenges.” In the dual cutaneous response, resolution of the immediate rcsponsc 
is described, followed by a “late” response which is generally maximal at 6 to 8 
hours and is considered to be precipitin dependent.4l 5 

Industrial exposure to airborne Bacillus subtilis enzyme products is known 
to lead to respiratory disease in some workers .6 Nasal symptoms, breathlessness, 
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alI\1 nonI”‘oduc.t.i\c dough o~ur Turin g the c’oursc of the working clay; in atltli- 
tion, a.ffectetl IWrWns report thct l)rcscncc ojf symptoms \Vl-hictl Dersist a.ftcY JVi)l’li 
and are troublesome at night. Tests for cutaneous scnsit.ivity to H. ssthtilis 
t‘nxyme product,s a~‘(’ posit,ivc ill most sympt omatiic and in many asympt.ul~latir 
exposed workers.+‘” .T)Uill pdt~lollary and cutaneous responses from appropriate 
challenges with R. s1Afilis enzyme I)rotluvts Ilavc been described iI1 symp~o- 
matic workers.“‘, 1 I 

The preseilt. report clvscribes rc~lationslli~)s I)ct,wcc~n rcspiratclry sympt 0111s 

and the results 01’ intracutancous skin t&s iI1 a selected inclustrial population 
Wposetl to H. sitbtilis (viqme products. Tmmediate cutaneous react ions and 

responses observed at 6 tu S hours ilIY’ vonsiclcretl in relation to s(‘runi anti- 
bodies. Intracutaneous tests with cnsyme preparations mixed with histaminc~ 
and with histamine alIt braclykinin, t.n simulate allergic reactions of the whcv~l 
aud flare typv. a11d separate I’rausnitz-~~stIler (P-K) tests were perfortt~c~tl 
iu c3periments clcsignctl to cuaminr the possible signific*ancc of protcinase ;I(&- 
tivity of the antigen prelxwilti0Ils in the tlr\-ttlopment of responses obsc~rvt~d 
at 6 to 8 hours. Tests for sc’r11111 antibodies of the various immunoglohulin c*lasse.srs 
were perfornicd by labeled antigen-hindiii g methods in i111 attcnlpt to iclentiC> 
a reliable immunologic correlate of the 01wxv~~1 wtBIiwiw allergic: r~3p1.)1lscx 

MATERIALS AND METHODS 

Antigen preparations 

(‘rytit:tllillo prq~:i~~:ttions of 1111: I;. s~!bMls alkaline protcinasrs subtilopcptidase I\ (SPA) 
and suhtilopcpticlasc 13 iSPI3)!1:, 13 puriticd prrsparations of 81’13 and H. subtilis amylase, and 
samples of two %‘. s~hf ilis c~~zymo prqmmtiorls us~l industrially were employed. SPA was 
found to 11~ tllcs pr~~llonlinant. 1;. scrbtiliu :tlk:tlint~ proteinase in one of the industrial prq’ii-a- 
t ions and il. is Ilerc~:tftc~r rlaf(7rcd to as “nonpurified preparation A” j?u’PPA). SPB was the 
predominiml alkalillc prott~innst~ of the other comn~srcial preparation here:tft.er referred to as 
NPPB.14 Ragwerd antigen E and a corumcrcial preparation of whole ragweed extract (Omega 
Laboratories, Toronto), ol~lainod as a 30,000 protein nitrogen units (PNP‘, per milliliter of 
solution and csh:cut;ti~el~ tlialpz~tl, were’ usc~l in P-K tests. 

Allergy skin tests 

Preliminary tcrts in t.hc industrial population by the scratc,h test. mflthod were performelI 
with SPPA and NPP13 solutions prepared by the separate addition of 0.5 mg. for each 
milliliter of O.lSM borate buffor, pIE 8.0, followed by passage of the solutions through a 
Millipore filter. 

Int.racutancous tests in nonexposed normal laboratory workers and in exposed industrial 
workers were performed by the injection of 0.02 ml. of the NPPA and XPPB 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 reactiona 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 w&e considered to be 
positive. Test sites were again examined at 6 to 8 hours after intracutaneoua ohallan~ and, 
in some cases, during the intervening period. In many instances, the immediate reactions 
seemed to subside over an hour or two, but they did not dieappear completely; there was a 
disappearance of the flare, but at the site of the wheel come swelling persisted. After 2 to 3 
hours, the predominant alteration was a convex iwelling at the site. At 6 to 8 hours the 
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lesions were less raised, but there n-as :t pale to bright erythema of a greater diameter. 24 
slight itchiness, tenderness to tapping, and a sensation of warmth were generally present. 
Diameters of the zones of erythema were measured 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 
follov,~ing 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 U. subtilis products. Histamine, 
I :l,llOO, was mixed with an equal volume of the NPPd or SPPB solutions prepared for 
inti,:mutaneous tests. When both histamine and bradykinin were used, histamine, 1 :l,OOO, was 
rni.\~~d with an equal volume of bradykinin (BRH 64’0, Sandoz, Basle), 100 pg per milliliter, 
and the minturc was added to an equal volume of NI’PA or NPPB. 

In P-K tests, 0.1 ml. volumes of re:~.girl-c:ontainillg sera lvere used to separately sensitize 
mu11 iple skin sites of nonallergic recipients. Sppropriately seusitizetl sites were challenged 
separately with about 0.02 ml. of a number of B. subtilis and rag\veed antigen preparations. 
The NPPA and NPPB were those solutions prepared for intr;lcllt:lllc~ous tests. A dialyzed 
30,000 PNU per milliliter solution of whole ragweed antigen was used (WC above). PPB. 
IS. .~~rbtiZis amylase, and r:lgJvced antigen E were used in conc.entrations of 100 ~g per millilit(~r. 

Study populations 

Tests of cutaneous sensitivit,y to NPPd ant1 NPPB prcparat,ions by the scratch test 
method and tests for the presence of serum antibodies of the IgG clnss by radioimmuno- 
diffusion (1211)) were done routinely on patients seen at the industrial health clinic. On the 
basis 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 wvus sclerted :o comprise approximately equal numbers of persons 
wit11 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 
IgG class based upon the preliminary :RID test?; with sera previously taken: This ma3 to 
potentially permit an effective analysis of relationships between immunologic findings and 
cut:lncous responses. The 60 subjects chosen were among workers who had the greatest early 
exposure to U. subtilis products and the carlicst evaluations for sensitivity to these protlucts. 
Thea test population comprised a total of 37 of the selected subjcets who happened to be at 
work on the day shift on one or other of two days, one week apart, in late 1969. On one 
or Ilthc,r of the two days, symptom histories were recorded, blood specimens vvvcre taken, and 
in tr:lcutaneous tests ~vcrc NPPA and NPI’B were performed. 

$era also were collected during 1968 and 1969 from 39 asthmatic subjects from a clinic 
pol~ulation and from a group of 22 normal laboratory workers xvith no industrial exposure to 
B. subti7is preparations. 

TWO scra were used in P-K tests; one was from a subject with clinical sensitivity to 
11. srtbtilis products and strongly positive skin tests to NPPA and NPPB, and the sec>ond was 
from a clinic patient who was sensitive to ragweed but had not rceeived antigen injection 
treatment. Corresponding antibodies of tEc IgE class were observed in RID tests. The ragweed 
reaginie serum n-as selected after examination 1)~ RID for the presence of antibodies to 
ragweed antigen E of the IgG, IgA, :.ntl IgM classes; antibodies of the IgG class were 
detc~ctable at the limits of detection by’ t,his mc+hod, and antibodies of the IgA and JgM 
class could not be detected. 

Antibody studies 

Double-diffusion tests for precipitins were initially performed in 1.5 per cent agar in 
0.15X. phosphate buffer, pH 7.4. Unstained patterns were read at 1, 2, and 3 days. Tests Tverc 
also performed in agar in citrate buffer, pII 7.0. The test serum was placed in 12 mm. central 
wells, and the antigen solutions (NPPB, 10 and 46 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 -I” C. and 
daily reading for 3 days, they were washed at 4” C., dried, and stained with nmido black. 

Radioimmunoelectrophoresis (RIEP) and RID were performed by a two-step method as 
previously described,13 except that trays were stored at 4” C. after the addition of labeled 
B. subtilis preparat.ions. Antisera to IgA and IgM were obtained from commercial sources 
and absorbed with lyophilized cord serum and a lyophilized DE:AE-cellulose-purifie~l serum 
IgG preparation, respectively, to render them monospecific. Antiserum to IgG was prepared 1)) 
the injection of purified IgG in complete Freund’s adjuvant jut.0 rabbits; the ant.iscrum I\-ns 
not further trrated. Antiserum to human IgE was prepared by the immunization of r:tllllits 
wit.h purifled 1gE myeloma protein followed by absorption of the antiserum with normal humn~~ 
serum. The NPPA! NPPR, and ragweed antigc,n E were labeled wit11 1251 by t.hr chlorarniItie- 
T method.lc A successful labeling of all antigenic, components of SPl’.i ur111 XPPli was 
demonstratc~l with RIEP csaminations performed with rabbit nntiser:c. to tht=se pr<sparatious. 

Tests for antibollirs of the IgG class to Ii. subtilis products wilr(’ pt’rformed 13~ RI b:l’ 
and RID, and tests for antibodies of t.he IgA and TgIvI classes wvnrr ljcrformed by 1111). Resu1l.y 
mere found to be more distinct whcu a nonlabelcd sample of the alternate 73. mbtidis prrpnr:~- 

tion was added t.o t.hc test. pat.ttlrn prior to the addition of tlrtr l:~bcl~~l SPI’.\ or SPPl% 
preparations. The test.s were tlonr with and without the prior addition of lllc :~ltemntc no11- 
lnbcled preparations. Serum specimens were t.estcd in tlul~lic:rtct lay IYI~II met.hotl. Serum alIti 
body of a particular class was consitlercll to 1~8 presenf if any 000 01’ tllcl mult.iplc tests indi- 
cated the presence of antigen bintlin~ whirh \\ns grentrr than th:rt of cont.rol WI’:\ tested 
simultaneously. 

In a roprecipitatiou test, 0. I 1111. of the test serum ililrltwl I :-+(I in 0.15.V pllouph:ilc~- 
buffered saline, pH ‘i.4, WVHS mixed with the l”sI-lal~letl SPPA. Preliminary titrations of 
labeled antigen assured that the gqualltity of labelt~ll antigen war not a limiting factor in 
the tests. Following overnight in~~ubatiun at 1” CT., an optimal rluan tit- of rabbit ant,iserum 
to IgG was added to the reaction mixture. It was mixed, stnrrtl at 4” (‘. for another -I 
hours, and centrifuged. i\fter four washes with precoolrrl hornte Tmfi’er, thv lm!cipitnte was 
counted in a well-type scintillation counter. Tn the coprevipitation tests, the addition of a 
small quantit,y of nonlabeled SPPB, which contained less than 0.001 per rent. SPA,14 prior 
to addition of XPPA resulted in au improves1 discrimination between sera from nones- 
posed subjects and sera from sulljects with intlust.rial exposure tc, 5’. subti2iLs in whic~h anti- 
bodies of the IgG class were tlemonstrat?d hp RIEP. The prior ndditiou of NPPB could bc 
expected to block nonimmunologic binding of the labeled XPP.4 to serum proteills.1:. 1s Prc- 
liminary tests with serial dilutions of test sern in normal humon scra rcrealed a linear rcala- 
tionship between the ant.ibody content and the copreripitat.ed radio:~ctivit~. 

RESULTS 

Relationship between symptoms and skin test reactions 

In intracutanrona tests in tht Iiormal populat.ion with no industrial ctxposure 
to R. mbtilis products: the whral cliametcr mc;m i one standard deviat,ion 
(S.U.) was 3.5 + 1.5 mm. for the SPPA and 5.1 _+ 1.1 mm. for the NPPB prcp- 
aration. All tests with the SI’PA and XPPB preparations wit.h wheal diam- 
eters greater than one S.D. above the normal mean were considered to be posi- 
tivc. 

Cutaneous responses to NPPA are illust,rated in Fig. 1. There was a high 
frequency of positive tests only in t,hc group of sympt~omatic exposed subjects. 
There were positive tests in two nonclsposed subjects ant1 one exposed industrial 
worker who denied symptoms. Three subjects who claimed to have respiratory 
symptoms from exposure to the R. subtiEs products had negat.ive 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 

Industrial exposure 
-- 

Test No symptoms Symptoms 

Positive test with A rind/or B prcparntion 3 18 
Kegative test with A and B preparations 16 2 

Tlwe 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 imme- 
tliate reactions and 6 to 8 hour responses to NPPB is illustrated in Fig. 2. 
No 6 to 8 hour responses were identified in nonesposed subjects. There were 
similar results in tests with NI’PA. There u-as no apparent relationship between 
the presence or absence of 6 to 8 hour responses and a predominance of nasal 
symptoms or of chest symptoms. 

Tn one subject, immediate reacl,ions to KPPX and NPPB subsided within 
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NEGATIVE 

DIAMETER OF RESPONSE IN mm AT 6-8 HRS. 

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 6 to 8 hours after intracutoneous 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. Iic 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 sympt.oms which 
corresponded in time to the delayed reactions observed at the skin test sites. 

Relationship between serum antibodies and skin test results 

Tests for precipitins were positive in approximately one third of the serum 
specimens from persons with and wit.hout industrial exposure to B. subtilis 
preparations. Results did not re1at.e t.o 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 ant.ibodies to NPPA of the IgG, IgA, and IgM 
classes in normal subjects, in nonexposed asthmatic subjects, and in the pre- 
selected population of exposed industrial workers are illustrat,ed in Table II. 
Tests for the presence of antibody of t.he IgG class were performed by RID 
and RIEP. The lz51 labeled NPPA binding by IgG of the serum of one normal 
and one nonexposed asthmatic subject, was confirmed by 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 TgG 
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.18 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 IgM classes to NPPA (Table 
II) and NPPB were not demonstrable in most of the sera. In the coprecipitation 
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Radioimmunodiffusion 
Coprecipitation 

Patient with IgG* W bA kM 

I mmcvliatc~ and 6-8 hour cutaneous responses T. R. I47 + + + 
J. C. 78 + + 
A. G. i i i ++ + 
I). H. 89 + + 
P. TT. 451 ++ 
K. L. 673 +++ + 
F:. 8. 70 + 
TV. TY. 149 + 
CT. Y. 501 ++ 
H. c. NL) c 
IV. M. I_“i + 
G. P. 202 + + + 
J. S. 90 
R. 1’ 151 

Immediate reaction only 4; 54-420 $4: - a/ 4 o,/ 4 
No rcbaction 17 74-450 1 l/18 6/M O/18 
Nonclxposed asthmatic patients ND t/a9 O/:36 o//xi 
Nonexposed normal subjects Nean + 2 S.D. l/21, ND ND 

114 5 47.5 

The results illustrated are of tests of antibodies in the sera of the selected population of 
exposed industrial workers who exhibited imntediate and 6 to 8 hour, immediate only, 
and no responses in intracutaneous test8 with NPPA ant1 of nonexposed normal anti 
asthmatic subjects. Due to the methotl of selection of the test population (see Material8 
and methods), the results tlo not inllicate the prevalence of serum antibodies in t.he 
total industrial population. Tests for antibodies of the Igh and IgM classes were by XII) 
and of the IgG by RID and RIEP. ilntibodies aof the IgG class to KPPA were present in 
person8 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 antibod> 
of the IgG class. The mean counts per minute -c ’ 2 standartt deviation8 for normal sera i;r 
the coprecipitation test was 114+47.5. None of the tests proritled a reliable correlate of 
6 to X hour responses in subject8 with immediate sensitivity. 

“Counts per minute of coprccipitnted IanT-labeled SPPA. 
tNumber of subjects. 
tSumber of sera with detectable antibo(lies/number tested. 

test) there was a wide distribution of antigen binding in the scra of exposed 
industrial workers with immetliate and 6 to 8 hour, immediat,c only, ant1 no 
cutaneous responses. 

Fig. 3 illustrates relationships in skin test-positive subjects between VU- 
ianc~~s responses ant1 strum antibodv Ic~els determinetl by the coprccipitation 
proc*cdure. In persons with immediat,e cutaneous reactions to NPPA, thtrc was 
no apparent relationship between the observed serum levels of antihotly to 
NI’I’A ant1 the de~elopmcnl of 6 to 8 hour responses. 

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

Skin tests in industrial workers c~xposcd to B. suOti7is products suggested an 
apl)arcllt dependence of 6 to 8 hour rcqonses on preceding wheal and ~IRI’(~ 
rcac+ions. It was hypothesized that if prot&lase activity of the antigen coulcl, 
in some way, produce 6 to 8 hour responses, this had to occur at the site of 
whral ant1 flare reactions. Histamine and brad-ykinin were used to simulate 
allergic wheal ant1 flare responses. KPPA and SPPB separately mixed with 
histamine and used in a total of ‘i tests in nonsensitive subjec+ produced whcal 
and flare responses in which the mean of the wheal diamet,ers at 15 minutes 
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FIG. 3. Coprecipitation test results in subjects with positive skin tests to NPPA. ‘2sl-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 reactions intlucecl by 
histamine alone. A total of 14 tests in 7 nonsensitive subjeetx were pcrformctl 
with a histamine-hradykinin misturc adtl~tl to SPPA or K’PPB. The mean 
wheal diameter at 15 mindrs was 10 mm. Thljre WI’C nu 6 trb 8 hour responses. 

Tn order to compare the R. suhtilis antigtln preparations with an antigen 
which containccl no cletc~t~able proteol.vt ic activity, P-K tests were performed 
in two recipients at separatta (*utaneous sites passivchly srnsitized with a. H. sub- 
fili.s-reaginic Sc~IwIii ant1 ii I,il#\~c‘rd-l’c,iI~iIli(. serum. The sensitized sites w(‘rc 
sepa.rately challenged with 0.1 trig:. INSI* milliliter solutions 01: NPPA, SPPR, 
SPR preparation, 13. dtilis aniylasc, and thr clialyzcd 30,000 PN’ per mil- 
liliter ragwoetl antigen sollltion. I’;aclr 01’ t IW H. sfl.btili.9 prcparat.ions was 
react.ive in skin sites sensitizeri with 111c Ii. s~rbtilis-~,ea~illi~ serum anit INU- 
reactive in &es sensitiz!c(l with the I~agc\\~t~~~(l-rcagSinic serum. Following im- 
mec1iat.e reactions to th(a Il. su.bti2i.s and 1~1gurrc1 antigens at sit.es scnsit~ized with 
the corresponding rcaginic wra, t hc reil(~tions to H. sdfi1.G and ragweed anti- 
gens evolvetl with typical gross a]~~W?lrilll(‘~‘S Of 6 to 8 hOllr I’t’SpOIlSW (SW ?&I- 
terials and mc4hotls). 

Relationship between IgG antibodies and 6 to 8 hour responses 

A mixture of histamine ;III~ NPPA was injected intracutaneously in two 
nonsensit,ive industrial workers with serum antibodies of t,he TgG class to NPPA. 
There were the expected histamine-induced wheal and flare responses but there 
was no component whic*h ~ul,l 1x1 obscl?;et.l 6 to 8 hours later. Thus, by this 
method, it w-as not possible. tcJ create ~OlltfitiOIIS for the deIlloIlstration of a 

relevance of circulating antibodies of the .LgG class t.o 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 
antiKen 13 in RID tests. The serum of the recipient contained no detectable 
atltibotly to ragweed antigen E. After a latent period of 9 days, the &es were 
~hallct~getl with a 100 ;~g per milliliter of scllution of ragweetl antigen 13. There 
wcrcl allergic reactions wit,h 6 to 8 hour components. 

DISCUSSION 

:lntradermal skin tests with B. swbtilis antigens were negative in the ma- 
jorit,v of subjects with no industrial exposure to H. sulltilis preparations and 
in industrial workers with no symptoms resulting from exposure. In this pre- 
sclcc~ttrd industrial population, the tests were highly scnsitire and selective 
as indicators of symptoms. This relationship betwren symptoms and cutaneous 
responses is much closer than was observetl in larger surveys of exposed in- 
tlusf rial populations.‘~ ‘, I9 The close relationship is probably determined by a 
1lunrber of factors. 1Vorkers knew when “c’nzymes” were being processed and 
wer~~ specifically asked if symptonLs were present at times corresponding to 
times of c~sposurc. in addition, the method of sclect,ion rcJsultet1 in the inelusion 
(11’ ~zorkcrs who were among those with the greatest initial exposure to N. SUh- 
tilis preparations. This might be rspec4etl to reduce the frequency of sensi- 
tivity ~unacc.orripanied by symptoms. Improvcvl industrial methods with resulting 
w lnctions in levels of exposure have greatly retluced tlic freyucnc*y of symptoms 
amo11g sensitized individuals. 

Six to 8 hour cutaneous rc3ponses more than a few millimeters in size were 
il~variabl~ preceded b;v immediate reaction:s. The \-arious tests of serum anti- 
bodies Sailed to provide a reliable correlate of 6 to 8 hour responses in persons 
with immediate reactions. Apparently positive tests for serum prccipitins did 
not relate to industrial exposure or to thv antibodies contained in the area. 
The observetl lines are c~onsidcred to br nonimmunologic in origin.?” The failure 
to clettvt. immunologic precipitins could have been clue to the prot,eolytic a(:- 
tivit>- of the preparations or the nonimmunologic binding of the alkaline pro- 
teinilS;r ailtigms.“~ I8 The use of conccntratlvl scra might. possibly have elided 

the I)resrnce of precipitins in some itlstanccs. 
‘I’he possible relationship of serunl antibodies of the I&:, IgA, and IgJI 

c~lassts ant1 6 to 8 hour responses was examined. Antibodies of the IgA ant1 Ig;11 
C’lilSSCS were not detectable in the sera of most sensitive subjects with 6 to 8 
hour responses. Antibodies of the I::(: class were present in the scra of most of 
thcsca subjects, but there was no clear relationship between the 6 to 8 ~~ou~~ 
responses and results of qualitative or quantitative assays of antigen binding 
I)>- t hcso antibodies. 

The proteinase activity- of antigen preparations coultl not h shown to 1~) 

responsible for 6 to 8 hour responses. Cutaneous reactions to mixtures of B. nth- 
filis prepa rations with histamine at1 (1 with histamine and bradykinin produced 
onl~ t)-pica1 mecliator-iii~l~lce~l wheal anti flare rcac*tions. Passive vutanrons 
reactions to B. subfilis enzymr products anti ragweed ant,igens in which no 
proteolytic activity could be demonstr,atccl followed time courstbs which \v(‘r(’ 
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