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Respiratory Symptoms and Skin Reactivity in Workers

Exposed to Proteolytic Enzymes in the

Detergent IndustrY'' ' 7rr,5Sl

ln t roduct ion

In 1968, a pat ient  working in the c letergent

industry presented in th is uni t  complain ing

of  asthma, and an occupat ional  basis lvas sus-

pected on the basis of  the history.  An extract

of  a proteolyt ic  enzyme used in the c letergent

powders produced skin react ions,  and inhala-
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t ion unrler control led concl i t ions produced a

clecrease in venti latory capacity; negative

skin and inhalat ion tests were obtained with

proteolyt ic enzymes from other sources.

Six months later, after the init ial  rePort

of Fl indt ( l) ,  complaints of respiratory

symptoms by employees hancl l ing proteolyt ic

enzymes in the manufacture of detergent

products led to a request for more comPre'

hensive investigation. The f irst stage of this

study, undertaken after l8 months o[ enzyme

detergent production, was a survey to deter-

mine the prevalence and nature of symptoms

among employees of one factory. In addi-

t ion, cletai ls of previous respiratory and al-

lergic clisorders were sought and pulmonary

function waf, examinecl for evidence of per-

manent disabi l i ty. The present PaPer is con-

CHARLES A.  MITCHELL3 and BRYAN GANDEVIA

SUMMARY

A survel, of 98 l,orkers in thc detcrgcnt industry cxposecl pcrioclically to high concentrations of

proteolytic enzlmes indicated that symptoms suggcstive of asthma developed in 50 per cent on

Irpo.,r." either rvithin one-half hour, after four or lìve hours, or at night. Immcdiate (prick) and

lìve-hou, (intradermal) cutaneous reactions to the cnzymes wcre not significantly more frequent

in the sympromatic (72 pcr ccnt and 44 pcr cent, rcspcctivcll ') than in thc asymptomatic subjccts

(b6 per cenì and 24 per cent). By contrast, there'rvas a highly significant association between skin

reactions to the 
".ryi" 

and to three common inhalant allergens. \Vith the exception of a history

of food and drug 
"il"rgy, 

a personal or family history of atopic manifestations did not influence

the likelihood of development of symptoms, nor did smoking habit or current, clinical evidence

of bronchi t is .  The f inc l ings suggcst  that  svmptontat ic  bronchial  react ions in pcrsons exposed to a

potent sensitizing and chlmically active material are determined by other factors in addition to

"U.rgy, 
at least as indicated by skin reactivity. Tests of vcntilatory and diffusing capacity shorved

po 
"uid".r.e 

of permanent lung damagc in scnsitized or ttnsctrsitizcd subjccts, lvhether symPto'

matic or not.
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cerned wi th the resul ts of  immediate,  prac-
t ical  importance der ivecl  f rom th is survey.
As the opportuni ty to stucly a re lat ively large
number of  subjects hyperreact ive to a s ingle
inhalant  is  uncommon, the c l in ical  features

are presented in some detai l ,  especia l ly  as

they are s igni f icant  in regard to t l ìe possib le

mechanisms involved.

Mater ia ls and Methods

Tl te i r tdustr ia l  process:  Protcolyt ic  cnzl 'mes have
bccn used increasingly in the detergent indus-
try in pren'ashing or soaking agents. "Alcalase,"

a comrnercial enzyme-containing prcparation
nanrrfacturcd from the submerged fermcntation
ol  Baci l lus subt i l is ,  contains approximately l0
pcr ccnt  to 15 per ccnt  of  organic matter ,  most ly
protein u'ith some carbohydrate, 2ú pcr cent so-
diurn srr l fate,  and 65 pcr ccnt  sodium chlor ide.
Thc active enzyme, an alkali-stable cr-rdopepti-
dase rvith a relatively broad spcctrum of pro-
teolyt ic  act iv i ty ,  const i tutcs 6 pcr  cent  ( rveight /
rlcight) of thc commercial material.

In i t ia l ly ,  Alcalase,  a f ine dusty powder,  was
di luted by a factor  of  four rv i th sodium sul fate,
and 2 pcr cent mineral oil was added to reduce
dust  format ion.  The resul t ing complex tvas
further dilutcd by a factor of 25 or 50 with
standard detergcnt powders to give thc final
products, rt 'hich were a pure soaking agent con-
ta in ing I  per cent  commercia l  Alcalase or  a de-
tcrgerÌ t  powder contain ing 0.5 per ccnt  Alcalase.
These mixtures rvcrc storcd in totc b ins and la-
tcr  fcd into hoppers supply ' ing automat ic packet-
f i l l ing machincs.  Damagcd packcts wcre scr ì t  to a
rccla iming arca,  rvhclc they wcrc "cut  up,"  and
f.hcir contcnts werc trar-rsferrecl to fìl l ing hoppcrs.
In i t ia l l f ' ,  cr ìz) 'mc-contain ing c lctcrgents \ \ 'crc pro-
duccd in "runs" last ing t rvo da1's to f ìvc days
cvcry fcw rvecks.

Drrr ing the f i rs t  l8 mont l ìs  of  th is proccss,
thcrc were considcrable problcms in dust con-
t ro l ,  part icular ly  in the enzyme conccntratc arca,
where employees rvould transfer the crude en-
z1'me by hand scoop rvithout masks or cffcctive
vcnt i lat ion.  Other dusty zoncs at  th is t ime rvere
the feeding points for  thc hoppers,  t l re packct ing
line (rvhen accidcnts occurrcd), ancl the "cut-

t ing-up" area.
Af tcr  l8 months,  var ious dust  contro l  mea-

sl r res,  togcthcr u ' i th rcgular  measurcments of  cn-
z) 'mc act iv i ty  in a i rbornc dust ,  $ 'crc int ro-
duced,{  rvhen avcragc values for  cnzl înc act iv i ty

{  .Sirnson,  R. ,  an<l  Simpson, G. R. :  Sul tnr i t ted
for  publ icat ion.

in the ai r  n 'crc of  t le order of  5 g lyc ine uni ts
(1 .17  g l l c inc  r rn i t s  cqua ls  I  pg  o f  A lca lasc )  pe r

mÍì ,  ' rv i th valr rcs as large as 150 gl1 'c inc r tn i t  per

m3 rvltctt a. rnajor slti l lagc occun'cd.5
Personrte l :  r \ t  thc t i rne of  thc survey,  175 em-

plol 'ecs rvcre involrct l  in  thc product ion of  en-

zvme-containing detcl'Í{cllt po\\'(lcrs. Of these, 98,

compris ing al l  but  l0 of  those n 'o lk ing fu l l - t ime
in the prcparation of clctcrgerìt, took part in the
survc)'. N'fost of thc remaining 77 n'orked in pe-
r iphcral  areas such as the storc,  entered the main
production area infrcqttently, ancl harl ncgligible
or slight exposure; thc others rvorkcd as main-
lcnancc or supervisory staff. Symptoms of the

lowcr rcspiratory tract devcloped on exposure

in at lcast 3 of the l0 subjccts rvho rvere not

studicd but rvho had moclcrately consistent ex-

posr.lre to cnzymes. C)ther strlt jccts rvcre known

to have left the indtrstry since the intro<luction

of cnz)'mes because of rcspiratory symptoms.

The rvorking day was divided into three

shi f ts :  morning,  7 e.r r .  to 3 r ' . i r t . ;  cvcning,  3 p. t '1 .

to  l l  r ' . r t . ;  n igh t ,  l l  p . r t .  t o  7  a . r t .  N fos t  cmp loy -

ccs alrvay's rtorkccl thc same shift.
Reference is madc subscqtrcntly to subjccts

having "mi ld,"  " tnodcratc,"  or  "hcavy" cxPosurc

drrr ing the l8 months of  enzlme usagc bcfore

thc st t rdy,  anr l  part icular ly  to strb jects react ing

rvith sy'mptoms either on "mild" or ol-r "mo<ler-

ate" cxposurc.  This c lassi f icat ion rvas incvi tably

arbi t rary bccausc no dust  me asul-cments $ 'ere

avai lablc c lur ing thc rc lc lant  pcr io<1.  Thc grot tp-

ing rras primaril,v bascd on thc subjcct's o\{n as-

scssmcrì t ,  h is part icular  job,  aud a knon' ledge of

i ts  l ikel l '  r isks bascd on subscquent dust  mea-

surcmcnts. It r{as obviousll ' subjcct to crror,

notably in that  svr ì lptomat ic subjccts $ 'ere l ike-

ly to ol'crcstimate thcir exposure and as)'mPto-

nlat ic  ones to underest imate i t .  I ts  solc Pt l rPose,
horvevcr,  rvas to at tcmpt to idcnt i fy  the more sus-

ccpt ib lc or  "hvpcrscnsi t ive" subjects.  In gencral ,
"heavy" cxposures \\ 'cre those associatcd u'ith

accir lental  spi l lages.
Ninety'-eight cmplol'ecs, 67 mcn ancl 3l tvom-

en, of mcan ages 36 lears and 32 )'cars, resPec-

t ivel l ' ,  took part  in the studl ' .  Bccausc the smal l

exccss of s1-mptomatic strbjects among the mcn

cotr ld rcadi ly  be explained oI ì  thc basis of

heavier  cxposure and smoking habi ts,  and be'

cause Ito othcr diffcre nccs \\ 'crc aPParent on

anal l 's is ,  the sexcstvcre not  considcrcd seParate-

S Strbsequcnt improvclr tcnts havc produccd

lorvcr  avcl 'agc conccntrat iot rs of  0 g lyc ine uni t

to I  g l1 'c ine rrn i t  pcr  rn3 r l i t l t  occasional  valucs

of  I  g l1 'c inc uni t  to 2 g ly 'c ine t tn i ts  pcr  m3 i t t  the

hoppcr f i l l ing arca.
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ly .  Thc fo l louir rg i t tvcst ig l t t io l ìs  \ \ 'crc cat ' r ic t l  ot t t '

Obsen,ed cr t r t r l l r :  I le forc thc history rvas takcn

or cxatni t tat iot r  pcr fot  tnct l ,  cat  l l  s t r l l  jcct  rvas

askcd to t l lkc a b ig ì r rcath at lc l  to cotrg l r  fo lc i l ' r ly '

This corrgl ì  \ \ 'as adj t r t lg,cr l  b\  t ' r t t  to l )e c i t l tcr

" loose "  (p lodrrct ivc)  or  " t l11 "  ( t rnpro<l t tc t ivc) '

This tcst  pror i t lcs t -c l iablc o l l jcct i l 'c  cv i t lcncc <l f

sput l rm prodtrct ior t  (2) . t ì

Qt tcst ionrta i re:  Rcspi lator l  s) l l ' tp toms'  Past

anci  farni l l '  h is tory of  c l tcst  c l iscases'  an<l  smoking

habits \\ 'ere rccordetl fol- cach u'ot'kcr rrsing thc

Br i t ish Nlccl ical  Rcscarch Cìotrnci l  qt test ionnaire

on rcspirator) '  s) 'urPtonìs (1960) (3)  l ' i th  somc

at ld i t ions col lccrnI l le at t lp ic malr i fcstat iot ts '  Thcsc

qucst ions lvc lc rc latct l  to thc pcr iod bcforc the

, i r "  , r f  c t . tz) l l les in thc plant '  E ' rnplo lccs rvere thcn

asked the c lc l ibcratc l l  \ 'aqt lc  qtrcst iot r  "Do thc

enz)mcs af fcct  1 'otr  in an1'  rv: r1?" I f  no rcspira-

tor) '  s)mPtoms werc vol t t l ì tecrcd,  speci f ic  inquiry

nu", mad" rcgarcling trasal s1 urptoms' cotrglì ' sPu-

t t tm, t thcczc,  c l ìest  t ig l t tncss,  and shortncss of

breath dur ing or  af tcr  cxPosure'

The te mporal  rc lat ionship of  respiratory

s)mptoms to exPosule and to thc t ime of  c lay ' r r 'as

part ìct r lar l l '  notcd;  prcviotrs cxPcr iencc l tad di -

rcctet l  at tc t r t ion to thc s igni f ìcancc of  these con-

s i t l c r a t i o t r s  ( 1 , 5 ) .

Pt t lntonary f t r t tc t iorr  les ls:  The onc-sccond

forcccl cxpiratory loltltnc (fE\'1) and forccd vi-

tal capacìt1' (FVC) \\ 'ere nlcasttrccl in all strb-

jccts l ' i t ì r  a ì fcDcrmott  d i rcct '  rcading t l r l '  spi -

io, r ' , . t " r .  Thc largest  of  thrcc cot . ls is tent  ( rv i th in

l0 pcr  ccnt)  est imates lvas uscd in thc anal l 's is '

The rat io,  FEVI/F\ IC,  rvas calctr lated and ex-

prcssed as a Perccntage. The rcsults lverc com-

purea u'ith the cxpectc<l valttcs for vital crpacity

it 'C; t.o- the prc<liction formttlas of CìoltÌtnan

ancl Iìccklake (6) on thc basis of agc, standing

hcight ,  and scx.  The crpectct l  FE\r ,  rvas calcu-

tated Ov asstrmit . rg FE\ '1 i  FVC to bc 80 pcr ccnt  in

subjects lcss than ' {0 \ 'ears o ld a l td 75 per cet ì t  I I I

thosc oldcr  than 40 )ears,  atr t l  rc lnt ing th is to t l ìe

predictcd \/C.

A standard exercisc steP test rvas pcrformed

bv most of  the subjects rvho admit ted to any

,1:-p,o*r. A work level of 350 kg m per min for

f ivc minutes was uscd (approximatc ly tcn f l ights

of  sta i rs for  a ?0 kg man),  ancl  the standardized

vcnt i lat ion,  acl justcd to a nork load of  300 kg m

pcr rnin (5\'.100) rvas calculated (7).

The steadj ' - i tatc d i f f t rs ing capaci ty for  carbon

monoxidc (Dlco) lras mcastlred at rcst using

end-t ic la l  sampl ing,  ant l  the rest t l ts  \ \ 'crc com-

parcd n ' i th cxpectet l  normal  valucs (8) '

r iHa l l ,  ( ; .  J .  1 , . ,  an< l  Gandcv ia ,  B ' :  Submi t t c t l

for  ptrb l icat ion.

I ì r 'o t rchia l  react iv i ty  was asscsscd as thc per-

ccr ì taf lc  changc in IE\ ' ,  af tcr  inhalat ion of  an

aclosol  of  h ist : i l l l ine plxrsphatc '  Thc procc<lure

at t t l  rcst t ì ts  $ i l l  l lc  dcscr i l lcd in t lc ta i l  t ' lscrv l tcre '

, ! / i i r r  .sars i l izr i lT t r ,s ls :  Ski t r  t t ls ts cot t l t l  not  bc

pcrf<l r t r tcr l  for  tu 'o tnt lnths af tcr  thc i l r i t ia l  sur-

vcl ' .  Eig l r tccn of  thc { )8 or ig i r la l  srr l l jccts l t 'crc not

tcstctl lbccausc thcl' 'n'crc on night shift or had

le f t  t l tc  i r rc lustry for  r ronmct l ical  rcasons;  a l '

thotrg l r  rnost  l tavc s ince becn tcstcd,  thc t ime

tapsc is cotrsitÌcrcd too grclìt to allorv thcir in-

c l t ts ion in thc pl 'cscnt  analysis '  Also testccl  was a

grortp of  75 cr l lp loyccs not  d i rcct ly  involved i l l

thc p lo<luct ion of  c l ìzymc-col ì ta in ing dctcrgcnts '

at t t l  orr lv  occasional l l '  a t ld t rar ts icr t t l l '  cxposcd to

t l rcm; rnost  wcrc among thc 77 cmployees mcn-

t io l rc<l  prcviotrs ly as u 'ork ing in pcr iphcral  areas'

Prick tcsts u'crc pcrformccl using trvo t:xtracts of

conrt t tcrc ia l  Alcalasc in a cotrccl l t r l l t io l ì  of  I  mg

pcr rnl, and also cxtracts of hottsc dust' Asltergil-

7rrr ,  and spr ing grass pol lcns (Riotcch'  C

strcngth) .  Rcstr l ts  tvcre rcad at  20 minutcs and

r-ccordcd as nol ì rcact ivc rvhct l  no palpal l lc  wheal

\ {as Prcscnt ,  rcact ive ( I  p lu$ $ 'hcn a rvhcal  up

to '1 mm tliamctcr \ras prcselìt, or strongly rcac-

t ivc (2 p lus)  lvhen thc rcact ion lvas larger than

this.  Int t 'adcrtnal  tcsts \ \ 'crc pcr formcd using 0 '01

rnl  to 0.02 ml of  thc Alcalasc cxtract  in a concen-

l rat iot r  of  0.05 nìg Pcr ml '  Rcst t l ts  u 'crc rcad at

lirc ltottrs ancl rcrorded as thc mean diameter

of  i t rdurat ion in rn i l l i rnctcrs '  Thc c l is t r ibt r t ion

of t 'caction sizc in thc 80 srrbjccts tcstcd (figure

l )  shou'cd a nrarkc<l  c l . rnngc at  8 mm to 9 mm'

such that  rcact ions of  8.5 mm or less rvere c lassi-

f ìcd as not t rcact ivc.  St tpport  is  g ivcn to t l t is  inter-

prctat ion by thc highl l '  s igni f icant  associat ion

of  rcact ions greater  than 8 '5 rnm rv i th immedi '

ate rcact ions (x2 = 33'30;  P < 0 '0005) '

F ig.  l .  Dclarccl  sk i t r  rcact ions to t l ìc  int radcrmal

in jcct ion of  0.01 ml to 0 '02 nt l  of  ' \ lcalase extract

in a coucet ì t rat ion of  0.05 mg pcr ml  mcast t red

at five hours in 80 strbjects.

8 1 0 1 2 1 4
I ornu€îtR of INDURAfIoN
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One of thc Alcalase extracts \.vas prcparecl by
the f )epartment of  Cl in ical  Immunologr, ,  Inst i '_
tutc of  Diseascs of  the Chest ,  Brompton Hos_
pi ta l ,  London, and the other \vas prcparcd in
this laboratory by the mcthocl of pcp1,s and as-
sociates (9) .  The react ions to the two extracts
were almost  ident ical  and only the rcsul ts of  the
rcact ions to the prcparat ion made in th is labo_
raLory are presented.

Chest radiogr"ophs: posteroantcrior chest ra_
diographs were obtaincd in a l l  subjects at  or
about tho t ime of  the survey and were read in-
<lcpendently bv three observers.

Resul ts

Upper respiratory t ract  symptonts:  Sneezing,
t rasal  obstnlct ion,  and rh inorrhea occrt r red
in 60 per cent  of  the subjects,  usual ly  wi th in
one-hal f  hour of  exposure,  and cont inued for
approximately two hours af ter  cessat ion.
Nasal  symptoms on exposure to other deter_
gent preparations occurred but rvere less
common and less severe than wi th the
enzyme-contain ing products.  Conjunct ival  i r_
r i tat ion and lachrymat ion were occasional ly
noted in associat ion wi th nasal  symptoms. In
15 per cent  of  the af fected subjects,  nasal
symptoms were accentuated on re_exposure
after a few days an'ay from rvork. Current
nasal  symptoms on exposure to enzyme

T A B L E  1

R E  L A T I O N S H I P  B E T W E E N  N A S A L
S Y M P T O M S  O N  E X P O S U R E  T O  E N Z Y M E S
A N D  P A S T  N A S A L  S Y M P T O M A T O L O G Y

L O W E R  R E S P I R A T O R Y  T R A C T  S Y M P T O M S
O N  E X P O S U R E  A N D  S K I N  S E N S I T I V I T Y

Nasa I  Symptoms
on  Exposure

Present Absent

No.  o f  sub jec ts
Past  h is to ry  o f  ca tar rh
Lower  resp i ra to ry  t rac î

s y m p t o m s  o n  e x p o s u r e
S k  i n  r e a c t i o n s

No.  tes ted

l m m e d i a t e  ( p r í c k  t e s t )
P o s i t i v e

Negat ive

D e l a y e d  ( 5  h o u r s )
( in t raderma I  tes t )
Pos  i t i ve
Negat ive

(table l)  rvere tìot associatecl with a past
l r is torv  o f  nasa l  s ) 'mproms (x t  =  2 .40;  P > 0 .1)
but were signif icantly related to lower res-
piratory tract svlrìptoms on enzyme exposure
(xz  -  5 .79 ;  p  <  0 .01 ) .
Lower respiratorl ,  trnct D,mptoms: Lower
respiratory tract synìt)roms occurred in 49
subjects (50 per . ." iy. The mosr cornmon
symptom, "t ightness in t l ie cl ìest," occurred
in 37 of these subjecrs; rhose more severely af-
fec tec l  compla inec l  o [  concomi tant , ,shor tness
of breath." Nonproductive cough and frank
wheezing rvere less frequent. The cough oc-
curred n'hen the t ightness in the chest was
maximal, but i t  was also often associated
with smoking a cigarette; many heavy
smokers \vere unable to smoke, and occa-
sional ly this rvas the predominanr symprom.
Sputurn production af ter exposure was a
feature in 7 subjecrs \ f 'ho said that they pro-
<luced small  volumes of bror, l ,n sDutum. not
of the usual mtrcoicl appearance, six to eight
hours after exyrosure.

Only one subject denying respiratory symp-
toms orì exposure to enzyme reported a re_
cent reduction in exercise tolerance whereas
6 of those rvith s1'm1)totns on exposure (o,
minimal exposure in 5 subjects) dicl  so.

The t ime of onset of lower respiratory
tract symptoms rvas described as immediate
(rvithin 0.5 hour), r lclayed (either four hours
to f ive hours, or nocturnal, behueen I I  p. l l .
and 3 e.-rr.) .  In l3 of the 49 affectecl subjects,
t l ìe onsct o[ lou'er respiratory symptoms was
rvithin 0.5 l totrr of expostrre to the enzyme
preparation. This cxposure rvas o[ moclerate
in tens i ty ;  on ly  one subject ,  the on ly  one to
experience the more comrnon delayecl symp-
toms, reacted to minimal exposure. Symptoms
rareìy lasted longer than 24 hours and never
longer rhan nvo r lays (table 2). Immecliate
reactions of this kind cl icl  occur to a fìrst ex-

Posure, part iclr lar ly i f  rhe exposure \r 'as excep-
t ional ly hcar,y, ancl in the presence o[ non-
react ive sk in  tes ts .

ln the otherr36 afTectecl strbjects, the onset
of s1'mptoms rvas dclal 'cd for four hours to
f ir 'e hours after exposure in 28 subjects, ancl
unt i l  n ig l ì t - t imc,  ber \veen I  I  p . l r .  and 3 e . r r . ,
in  the o t l ìer  8 .  In  17 of  thc  28 subjects ,  noc-
trrrnal synrl)tonìs occurred in aclcl i t ion to a

62 36
1 8  5

3 8  1 1

5 5

39
1 6

rì|

2 0
3 5

25

1 2
1 3

7

1 8
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T A B L E  2

T H E  R E L A T I O N S H I P  B E T W E E N  T H E  T I M E

O F  O N S E T  O F  S Y M P T O M S ,  T H E I R

D U R A T I O N ,  A N D  E X P O S U R E  R E O U I R E D

mr l  c \ l x )su rc  (20  s t r l r i cc ts  o r  J í i ì  Pc r  cc l l t )

t l r ; r t t  t o  n to t l c r l t t c  ex l x )s t r r c  ( ì  ( i  s t r l l i cc t s  o l

44  pe r  cen t )  (12  -  8 .93 ;  P  <0 .005)  ( tab le

2),  in contrast  to t l ìe subjects wi th an im-

nrct l ia te onset  of  symPtoms. I iur ther,  thc i r

svmptoms wcre s igni f icant lv  Inore pers istent ,

last ing for  longer than 24 hours in 57 per

cent  o[  subjects and for  longcr than three

clays in 16 per cent  (x2 -  23.02;  df  -  3;

P <0.0005).  I f  symptoms in the group wi th

nocturnal  onset  or  exacerbat ion pers isted for

longcr than 24 hours,  symptoms recurred dur '

i r rg the sccond ancl  occasional ly  the th i rd

night ,  so that  these sr . rb jects might  have symp-

toms on Saturday,  and somet imes Sunclay,

nights in the absence of  exposure and symP-

toms cluring tlìose clays. If cxpostlre occurred

clur ing a night  shi f t ,  symptoms were ei ther

immecliate or tlelayecl for four to lìve ltours;

an exacerbat ior t  of  sympt<lms was not  ob-

served dur ing the c lay at  a t ime correspond-

ing to the I  I  p.NÍ .  to 3 a. l t .  per iocl  of  those

subjects u 'ork ing the c lay shi f t .  In fact ,  one

strb ject ,  rvho in i t ia l ly  u 'orket l  on the morning

shi f t ,  t ranslerred to the Pennanerì t  n ight

staf f  because his symptoms at  n ight  hacl  pre-

venter l  h im from sleeping;  on t l ìe n ight  shi f t

O n s e t  o f  S y m p t o m s

l m m e d i a t e  D e l a v e d

N o .  o f  s u b j e c t s

D u r a t i o n  o f  a c u t e  s y m p t o m s

Less than two hours

Two to  24  hours

O n e  t o  t h r e e  d a y s

M o r e  t h a n  t h r e e  d a y s

Exposure  necessarY to
p r o d u c e  s y m p t o m s

M i n i m a l

M o r e  t h a n  m i  n i m a l

R e c e n t  d y s p n e a

1 3

7
4
2
o

1

1 2

2

36

o
î 6
1 3

6

2 0
1 6

4

. four- to fir,e-hour reaction after an asympto-

matic, or relat ively asymptomatic, phase dur-

ing the evening. Subjects rvith delayed symp-

tomatic reactions had usually been exposed

to enzymes for ser,eral months before symP-

toms of this natrrre developecl, altl-rough tlur-

ing this latent periocl accit lental heavy exPo-

sures prodr.rcecl symptoms itnmecliately after

exposure in 3 subjects. Signif icantly more of

those with a clelayed onset reactecl to mini-

TABLE 3

R E L A T I O N S H I P  B E T W E E N  P R E S E N C E  A N D  T I M E  O F  O N S E T  O F  L O W E R

R E S P I R A T O R Y  T R A C T  S Y M P T O M S  A N D  P R E S E N C E  O F  A  P R O D U C T I V E

C O U G H ,  P A S T  A N D  F A M I L Y  H I S T O R Y  O F  C H E S T  D I S E A S E ,  A N D  A T O P Y

g y m p t o m a t i c

l m m e d i a t e  D e l a y e d

Ons€t Onset

AsYmPto-

Tota l  mat ic

No.  o f  sub jec ts

Loose cough by  tes t

H i s t o r y  o f  c o u g h  a n d  s p u t u m

Pr io r  wheeze

Chron ic  o r  w in te r  ca tar rh

Seasona l  ca tar rh

Bronch i t i s  in  the  pas t  3  years

Prev ious  i l l nesses

A s t h m a

B r o n c h i t i s
"ches ty"  ch i ldhood

E c z e m a
H ives

D r u g s  o r  f o o d  a l l e r g y

F a m i l y  h i s t o r y

Asthma

Hay fever  
q

O t h e r  a l l e r g y

1 3
4
7
4
4
o
2

1
4
o
1
2
3

3
2
1

36
1 3
1 9

6
1 0
o
5

1

7

5

2

1

8

7

2

0

49
1 7
2 6
1 0
1 4

o
7

2
1 1

5
3
3

1 1

1 0
4
1

4S)

1 9

2 1

4

8

1

I

2

1 4
4

2

5

1

9

4

o
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his nocturnal symptoms were not suff iciently
troublesome to prevent him from working,
and at no t ime did symptoms develop cluring
the day.

Headache: Hearlache on exposure was vol-
unteerecl by l0 per cent of subjects, usually
three to four hours after exposure, but occa-
sional ly within 0.5 hour. I t  was severe, throb-
bing, and local izecl to rhe frontal ancl tem-
poral regions, lasting for about four hours
or unti l  rel ieved by aspir in. Headache oc-
curred indepenrlently of respiratory symp-
toms.

Relat ionsh ip  o f  Occupat iona l
Symptomatology to Pasr and Family

Histories, Smoking Habits, Skin Tests,
and Puhnonary Function

The results of the observed Ioose cough ancl
data obtained from the questionnaire are set
out  in  tab le  3  in  re la t ion ro  the symptomat ic
and asympromatic groups. Except for a sig-
nif icantly greater prevalence of a past his-
tory of clrtrg or food allergy (xz = 9.b;
P < 0.005), the various features l isted oc-
curred H' i th similar frequency in both groups.
In part icular, the orher possible manifesta-
t ions of atopy, such as seasonal catarrh,
asthma, eczema, or family histories of asthma,
hay fever, ancl other allergies, tvere not more
frequent in the symptomaric group. This
group also showed no excess of past or pres-
ent  mani festa t ions o f  bronchi t is ,  inc lud ing
the relat ively objective test of an obsen,ed
loose cough. f-he dist inct ion benveen those
rvith immediate and rhose with delayed onser
of symptoms has been preservecl in the table,

because (rvit l r  one exception) thev \^, 'ere mu-
turalìy exclusive ancl because of the theoretic
implicati<-rns lr ' i rh regarcl to possible mech-
att isms. Comparisolì  bet\\ ,een these subgroups,
Itowever, aÌso fai ler l  ro r-eveal important cl i f-
ferences, although al l  5 suÌt jects giving a his-
tory of "chestiness" in chi lclhoocl rvere among
those with clelayed symptomaric reactions.

The smoking halt i ts of subjects in the
same thrce categories are shotvn in table 4.
Fewer asympromatic strbjects currently
smoked, and the total cigarette consumption
u'as signif icanrly less in this group than in the
symptomatic grotrps combined (t _ 2.Zg; p
<0.02) or in the subgroup with delayed

symptomaric reacrions alone (t -  2.37; p
<0.025). Daily cigarerre consumprion of

current smokers rvas similar.
,Skin sensit i t t i ty rpactiorts: Of the 80 sub-

jects tested, 5l (6{ per cenr) showed immedi-
ate curaneous reactions (table 5); 26 of
these shorved no delayed reacrions. Delayed
skin reactions (> 8.5 mm) lvere recorcled in
27 (34 per  cenr) ;  on ly  2  o [  these subjects
hacl no immediate reacrions. Immediate
type sensit ivi ty rhus appeared ro develop
earl ier or more reacl i ly.

The results of skin sensit ivi ty tests in sub-
jects with upper respiratory rract symproms
on exposure to enzyme are shorvn in table l .
Immecliate rcactions were obsen'ed in Zl per
cent of 6? strch subjects, and clelayed reac-
t ions, in 36 per cent. For t l tose rvithout nasal
symptoms, the corresponcling figures rvere 48
per cent and 28 per cenr. The associat ion of
immecliate reactions u' i th nasal symptoms
was signif icant (x" = 3.90; P < 0.05) and re-

TABLE 4

SMOKING HABITS  IN  THE MAJOR SYMPTOM GROUPS

l m m e d i a t e

Onsst
D e l a y e d

O n s e t  A s y m p t o m a t i c

No.  o f  sub jec ts
N o n s m o k e r s

E  x - s m o k e r s

C u r r e n t  s m o k e r s
M e a n  ( + S D )  d a i l y  c i g a r e t t e

c o n s u m p t i o n  í n  c u r r e n t
s m o k e r s  I

T o t a l  c  i g a r e t t e  c o n s u m p t i o n
for  who le  g roup.  pack-years 1 5 . 8  +  1 6 . 4  1 8 . 3  +  1 6 . 8

1 3
3
3
7

2 2 . 9  +  5 . 7

3 6
3
3

3 0 '

1 8 . 8  +  7 . 6

49
1 1
4

34

1 9 . 8  +  7 . O

1 0 . 5 + î 2 . 3
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TABLE 5

SKIN  REACTIONS TO ALCALASE IN  THE MAJOR SYMPTOM GROUPS

S y m p t o m a t i c

l m m e d i a t e  D e l a y e d

O n s e t  O n s e t  T o t a l

Asympto-
matic

No.  o f  sub jec ts  tes ted

lmmedia te  reac t ion  to  Pr ick  tes t

Po s i t  i ve

N egat ive

Delayed reac t ion  to  in t radermal

tes t  (a t  f  i ve  hours )

Pos i t i ve

N egative

1 1 28

2 1
7

1 2
1 6

39

28
1 1

1 7
22

4 1

2 3
1 8

1 0
3 1

7

4

mained so af ter  exclusion of  the 38 subjects

rvho also hacl lon'er resPiratory tract symP-

t o m s  ( 1 2  - 4 . 3 9 ;  P < 0 . 0 5 ) .

By contrast ,  the re lat ionship between lower

respiratory symptoms and skin sensi t iv i ty  \ ,vas

poor ly def ined ( table 5) .  No s igni f icant  re la-

t ionship was demonstrable betrveen the over-

al l  presence or  absence of  symptoms on ex-

posure ancl  the presence of  immediate (x2 -

2 . t 3 ;  I ' >  0 . 1 ) o r  t l e l a y e d  ( x ' =  3 . 2 9 ;  l ' >  0 . 0 5 )

skin react ions comparet l  wi th the asymPto-

nìat ic  gfoup.  \ \ /hen thc asymptom:r t ic  st rb jects

; rn r l  t l r ose  w i t l r  immec l ia te  o r  w i th  t l e laye t l

or Ìset  of  syml l toms were col ls i t lerct l  as t l t rec

scl)ar1ì tc groul ls ,  t l terc was ag:r in no s igni l ì -

c : r r t t  ev ic let tce of  : t  re lat iot tship i r t  rcs l )cct  to

c i t l r c r  imrncc l i a te  ( x2  -  1 .68 :  d f  -  2 :  P  >  0 .4 )

o r  t l e la , ve r l  (1e  =  3 .32 :  c l f  =  2 i  l ' >  0 .1 )  sk in

rc:rct ions.

This unexpected f inding promPte( l  the

anal l 's is  of  sk in react ions in re lat ion to the

clegree of  exposure reclu i recl  to produce

svmptorns on t l ìe hypothesis that  evic letrce of

al lergy rn ig l i t  be more reat l i ly  t lemonstrable

in strb jects in rvhom lorver respiratory symp'

toms developecl  on minimal ,  as c l is t inct  f rom

morlerate or  hcavy,  exposure.  Of the 39

svml) tomat ic suì t jects testecl ,  symPtoms t level-

opet l  in  l9 or-r  minimal  exposure rvhereas

s) 'mptoms developed in 20 only on heavier

exposures.  Immccl iate skin react ions were

for . rncl  in 15 o[  the former ancl  13 of  the lat-

ter  rvhereas c le la l 'et l  react ions c levelopecl  in

8 ancl  9,  respect ivel ,v .  These f igures did not

in r l i ca te  any  s ign i l ì can t  d i f f e rence  in  te rms  o f

skin sensi t iv i ty  bctween these t$ 'o groups or

l renveen ei ther o[  thern ; tnt l  the asynlPtomat ic

grouP.

The relat ionsl t ip of  immecl iate react ions

on pr ick test ing to Alcalasc : r t rd to three com-

nron al lcrgens (hoúse t lust ,  ls f r r r re i l lus,  atrd

s1 ; r i ng  g rass  po l l ens )  i n  155  s r rb jec ts  i s

shorvn in table 6.  They cornpr iser l  the 80 sub-

jccts testet l  in  the presel ì t  scr ies and 75 strb-

jccts occasional ly  ancl  nr i l t l ly  exl>oset l  to t l ìe

cnz) 'me. The l totency of  the enzyme as a sen'

s i t iz ing agent rvas i l lustratccl  l ly  the s imi lar i ty

in t l re proport ion of  reactors i l r  both grouPs

(64 yrer  cent  a l t ( l  52 per cerì t ,  respect ively) .

O f  the  155  sub jec ts ,  62  (40  pe r  cen t )  re -

acted to at  least  onc o[  the courmotr  a l lergens,

a prevalence s i rn i lar  to t l Ìat  found by other

invest igators in or  ot l t  o[  the industry

( r 0 ,  I  l ) .
The associat ion l tetu 'een react ions to

T A B L E  6

R E L A T I O N S H I P  B E T W E E N  I M M E D I A T E

R E A C T I O N S  T O  A L C A L A S E  A N D

I M M E D I A T E  R E A C T I O N S  T O  T H R E E

C O M M O N  A L L E R G E N S

React ions  to  A lca lase
React ions  to  Three

C o m m o n  A l l e r g e n s ' Pos i t i ve Negat ive

Three pos i t i ve

Two pos i t i ve

O n e  p o s i t i v e

A l l  th ree  negat fue

T o t a l

7
1 2
29
42
90

0
3

1 1
5 î
65

*T he al lergens were house d ust, Aspergi l lus,

s p r r l S  g r a s s  p o l l e n s .

x t r  =  1 1 . 8 o ;  d F  =  s ;  p  ( o . o o s .
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T A B L E  7

S D )  V A L U E S  F O R  T E S T S  O F  V E N T I L A T O R Y  C A P A C I T Y ,
C A P A C I T Y ,  A N D  S V : o o  t N  T H E  M A J O R  S Y M P T O M  G R O U P S

M E A N  ( +

D I F F U S I N G

l m m e d i a t e

S y m p t o m s

O n l y
D e l a y e d

S y m p t o m s  A s y m p t o m a t i c

N o .  o f  s u b j e c t s
Mean age,  years

F E V t ,  %  p r e d i c t e d

F V C ,  %  p r e d i c t e d

F E V  I F V C , %
D i f f u s i n g  c a p a c i t y ,

oZ pred ic ted+

S  V S O O ,  l i t e r / m i n

1 2
34.8

9 7 . 6  +  1 1  . 7
9 5 . 7  +  8 . 8
77  .8  +  8 .7
95 .4  +  27 .4

( 7 ) Î
3 6 . 8  +  7 . 6

( 8 )

37
36 .5

9 9 . O  +  1  5 . 6
1 0 0 . o  +  1 3 . 3
76 .7  +  7 .8
94.5 + 23.3

(  1 e )
34 .1  +  7 .7

( 3 1 )

49

3 4 . 1
9 8 . 4  +  1 3 . 8

9 5 . 2  +  9 . 6
7 8 . 9  +  7 . 5
9 î . 8  +  8 . 9

( 4 1

34-8 + 6.8
(  1 5 )

' V a l u e s  o b t a i n e d  w i t h  t i d a l  v o l u m e s  l e s s t h a n  5 o o  m l  w e r e  n o t  a n a l y z e d .
t F i g r r e s  i n  p a r e n î h e s e s  i n d i c a t e  n u m b e r  o f  s u b j e c t s  w h e n  l e s s  t h a n  g r o u p  t o t a l ,

Alcalase and other a l lergens Ì ras strong
(x2  -  17 .8 ;  P  <  0 .0005) .  The  po tency  o f  r l ì e
enz) 'me as a sensi t iz ine agent \ \ 'as acain re_
f lectecl  in the f inc l ing that  45 per cerì r  of  the
93 subjects rv i th no react ions to other a l ler-
getrs shorvecl  react ions to Alcalase.

Pu ln tonary  func t ion :  P re l i r -n ina ry  ana lys i s
reve:r lec l  the expected t rends in vent i latory

capac i t y  i n  re la t i on  to  smok ine  I i ab i t s  bu t
no s igni f icant  c l i f ferences betu.een smokers,
norìsmokers,  an( l  ex-smokers.  Nonsmokers
ancl  er-smokers were groupe( l  tocether in the
subsequen t  ana lys i s .  T l i e  res l r l t s  o I  t he  p t r l -
morìary f t rnct ion tests perfonnecl  in the
svmptomat i c  and  asvnrp romar i c  g roups  a re
s l ton 'n  i n  tab le  7 .  No  s i sn i f i can t  r l i f l c rences
were preset ì t  \ \ ' i t l ì  regard to FE\ ' r .  FVC, ancl
Dr-ss (cxpressecl  as a percentage of  precl ic tecl
t t o rn ra l  va lues )  no r  i n  FEV ' 'FVC o r  SV. rno .

In an at tempt to check fur ther on t l ìe pres-
ence or  absence of  long term ef fects of
enzvme exposure,  a l l  srrb jects.  regart l less o[
symptoms, rvere c lassi f ìec l  as havine "mi ld,"
"nroclerate,"  or  "heavy" expostrre r l t r r ing the
to ta l  pe r ioc l  o f  I 8  rnonrhs ;  reana l l , s i s  i t r  t hese
terms also fa i ler l  to reveal  ar ì \ '  s igni f icant

func t iona l  d i f f e re r rccs .  Coml ;a r i son  o f  the

symptomat. ic ,  cutar ìeous reactors ( rvho might
be consir lcrecl  most  sLrscel) t i l ) le)  rv i th asvmp-
tomat ic st rb jects l t ror luccr l  r ro e l i r lence of  im-

pa i r c r l  l uns  func t ion .

Chest  rndiograph.s:  No l 'c le\  ant{rbnonnal i -

t i es  r ve re  obscn 'c r l  i n  the  I r rng  f i e l r l s  i n  any  o I
t l t e  c l r cs t  ra t l i og raphs .

D iscuss ion

TIte causal  re l : r t ionshi l> benleen enzyme in-
halat ion an<l  respiratory syrnptoms became

evir lcnt  to t l te employees af ter  re lat ively
l ; r ic f  expcr ience.  J-his corrc lusion was faci l i -
tatecl  by the high proporr ion af fecred,  by the
ep iso r ì i c  na tu re  o f  enzyme " runs , "  and  by
the rapic l  ot ìset  of  s1 'm1>tonts in some cases.
Sub jcc ts  r v i t h  noc t r r rna l  symptoms on ly ,  o r
rv i th r ìocturnal  e xacer l ;at ions,  sornct imes

posccl  a c l iagnost ic  prol r lern lor  their  physi-
c ians ,  cspec ia l l y  i f '  t he  noc t t r rna l  symptoms

cont inuet l  a l ter  exposure hacl  ceased. This

pa t te rn  o I  r cac t ion ,  a r t r i l ; t r red  to  i nh i l ; i t i on

o f  cn t loceno t rs  mechan isms  ten r l i ng  to  ma in -
ta in  r ro r rna l  vcn t i l a to ry  func t ion  c lu r ins  the

duy (4) ,  has been descr ibecl  in re lat ion to

\ \ 'estern recl  ceclar  (Thuja pl icata)  (5)  ancl

o t l ì e r  occupa t iona l  i n l i a lan rs  (12 )  and  i s  rec -

ognizecl  af ter  house dust  c l ra l lenge and l ty-

posens i t i za t i on  in i cc t i ons .  Thc  va l i d i t y  o f  c le -

sc r ip t i on  in  te rms  o f  immed ia te ,  dc laycd ,?  and

nocturnal  react ions has been conf i rmer l  in 29
s t rb j cc ts  bv  se r ia l  cs t imar ions  o I  r ' en t i l a to ry

capac i t y  a [ te r  b ronch ia l  cha l l cnge  rv i th  an

ex t rac t  o f  A lca lase  ( I3 ) ;  rhcsc  s ruc l i cs  a l so

confìnnecl  the c l in ical  impression t l ìat  lon 'er

respiratorv svl l t l ) tonìs rvere at t r ibt r table to
t l te c level<11;mcr-r- t  of  a invay ol ls t r t rct ion or

: r s t l rma .  
'  '

1 'hc l r l 'pothesis t l rat  rcspiratory synÌptoms

7 Thc n 'ord "r lc lay 'cr l "  is  uscd in i ts  usrra l  scnsc
rv i t l r  r ro  i rn rn r r r ro log ic  con t ro ta t i o t r .
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orì exl)osure ro protcolyt ic enzymcs rrave an c.nceivable ' . t  s 'r ' r ising in view of the

al lergic basis (9) rerluires cri t ical examina- large over-al l  prevalcnce o[ skitr  reactions'

t ion. Nasar symptoms, rhe mosr common ex- The thi. l  iossibir i ty is t ìrat the bronchial

pression of an alt .ormal reactio.,  were of reactions rvere clue to a t l i rect irr i tant effect

rapid orìser a.cl sig. i f ìcantly u.ro. i^,.J^*i ,r-r 
: : . : ] ]"  

e.zvme, pcrh' 's rclatecl to i ts biologic

immedi:rte prick tert ,^eu.t ions in 7l Per cent act i ' i ty '  \ \ ' i lhelm (]01 antl  his co-workers

o' trrose affectecr, fearures suggesting ì*me.ri-  r-ruue , i i rTerenriatet l  six patterns o[ inf lamma'

íìre or tyl te I  (14, I5) hypersensit ivi ty; how- tory resPonse to chcmical ancl thermal st imu-

ever, immecliate skin reactions rvere not sig- l i  pr imari ly on the l lasis of the temporaì re-

. i f ìcantly more common in ,n. ,- l t i  *t". t* lai ionship of t 'e res'onsc to t 'e ini t iat ing

of I  I  subjects with immetl iate lower respira- st imulus' Types I and 3 of \ \ / i lhelm show

rory rract sympronÌs than in 4l asympto,rrut i t  the same t ime rclat ionships as the immedi-

strbjects. similarly, the frequency of lare ate anrl  late h1'pcrse.sit i ' i ty reacrions (types

(four hours ro f ive hours) skin reactions was I ancl 3 of ciel l  anci coombs) ( l4) 'Using

not signif ica.try greater in those rvith de- crr:rnge i '  FE\/,  as trre i . trex of respo' 'se in-

laye. ,y*pro-uri i  reactions t ' :r '  i '  the 
""ui 'of 

an i trciex o[ vascular perme.abi l i ty '

asymptomatic group, a f incl ing that cloes not the same six tetnporal patterns' Part icularly

support a cletermining role rol.  ,yp. 3 hy- the immecliate and late Patterns' were de-

perser.rsi t ivi ty (14, l5). Althougrr lalqer num- mo'srrablc after broncrr ial chai lenge with Al-

5ers mieht procl 'ce associat ions of stat ist ical calase in 29-symptomatic str l l jects of the pres

signif icance, t l Ìe fact remains that approxi- ent series' Ftrrt 'er b' iclence to suggest a di-

mately 30 per cenr of sympromaric sìrbject5 r€ct inf lammatorv effect was provided by the

showecl no skin reactions even thotrgh the t let:elopment o[ cl i f fuse f ine rales in I  I  of

enz.yme proclucerl skin reacti ' i ty i . t ' -ore t l t . , t  29 subjects rvit l -r in hours of bronchial

rrran one_half the asymr)rornatic s*bjects. chal le'ge ," i ih u close of Alcarase within the

T l r e r e a r e t h r e e p o s s i b l e e x l l l a n a t i o n s f o r r a l ì g e t i t . . t y t o . b e e n c o r t n t e r e c l c l u r i n g ^
these findings. The first possiltility, that symP- tlny;' rvork ulcler the old unsatisfactory

tomatic sult jects as a grotrP tenclet l  to rePort u'orking concl i t ions or after accidental

nonexisrerìr or coinciclental symProms, carì sprl lage"s (17); this reaction was observed

'e excluclecl,  i f  only because of t^e cor,r iste'cy 
"gutàlt" 

of skf l  leacti ' i ty '  al though i t  was

of the Sistories antl  the characterist ic tempo' pt i l t"pt more l ikely to occur in response to

ral patterns. Nervhouse ancl associates (12) 'r 'ery small  concentrat ions (0'01 mg per ml)

apPearecl to take t 'e vierv that, among l l i  i "  t l to'e'rvi th skin reactions' In fact '  i t  was

sympromatic strbjects in their sun'ey, t i re O+ t l"  occìirrence of these reactions that

per cent rvho haà nonreacti 'e skin ór,,  ' ,ut '"  ol l l igecl the Present writers to discontinue

report ing respiratory s)mproms due ro non- furt irer stuci ies of this type' Final ly, papain,

incltrstr ial  causes. This explanation is un- also an enclopeptidase' has been shown to

tenable in the Present series, in 'rvhich symP- procluce pulmo'ary reactions in se'eral ani '

toms l{ere encounterecl regarclless o[ the sea- mal 'pttit' ' characterized "clinically" by

son and in which there was no notable ten- cough (18) and. histÒlogical ly by hemor-

clency ro chronic bronchit is ancl no remark- t l 'oi i t  infÌammation ult imately leading to

able epiclemic of respiratory infect ion' ProoI emphysema (19' 20)'  :

that lrronchial reactions o[ appropriate tem- 
. 

Although a conclusion as to t l ìe relat ive

'oral relat ior.rsrr ips occur in svmptonìaric bur sig' i f ica.Ie of hypersensit i ' i ty- ancl direct ir-

nonreacti 'e s'bjects rras been pro' iclecr lry r i iat ion in 'rocluci 'g syntptoms ls not Pos-

broncrr ial chai lenge tests using smalr aerosol sible from t ire a'ai lable e' i t lence, t l ìe Practi-

doses of Alcalase exrracr (0.t  mg per ml) cal implicarions of. the presenr in'est igation

(13). 

rzrsc cxtrdLL \\ ' ' I  

"r" 
cle"r.  Frst,  al l  the sr 'rbjects af lected by

The seconcl 'ossibi l i ty is t5at these subjects enz,vme exPosure rvi l l  not t ' recessari ly be iden-

were rryperr",.,ri,iu. but failar to shorv evi- ti{ìecr rvitriin tlie group shorving immediate

clence of hypersensit i ' i ty in the skin. Tlt is is reactions to the prick tests; seconcl '  the real
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possibi l i ry that permanenr damage can oc_
cur, at least after exposrtres that are excessive
by current standards, denrancls a more com_
prehensive medical sun.ei l lance t l Ìan one
basecl primari ly on rhe developmenr of cura_
neous reactions. These r, iews contrast with
the current recommenclat ions of a Unitecl
Kingclom industry commirree ancl the sugges_
tions of Newhouse and co-n'orkers (10).

In the present investisation, the l ikel ihood
of symptoms clevelopine on exposure to the
enzyme was not related to past respiratory
history, the presence of a productive cough
(:rs jutlgecl by the history or the characrer of
a requested cough), or to current smoking
habits. l lore surprisingly, r 'ar ious incl ices of
the atopic state in t l ie pasr and family histo-
r ies sholved no greater prevalence in the
s)'nìptomatic than the asvmptomatic group,
with the exceprion of a history of food or
clrug allergy. There \4'as a strong association
betrveen the presence of a cutaneous reaction
to ,{ lcalase and cutaneous reactions to three
common al lergens, although approximately
25 per cent of the 155 subjects shorvecl reac-
t ions to Alcalase and no reactions to the
other al lergens. I t  fol lorvs, from this ancl ear-
l icr observarions on the relat ionship benveen
svnptoms and skin reactiolts, that atopy, i f
clef ined in rerms of l iabi l i ty ro reacrive skin
responses, inf luences the l ikel ihood of a cu-
taneous skin reaction to Alcalase de.i ,eloping
considerably more than i t  relates to the l ike-
I ihood of respirarory s) 'mproms der.eloping.
It  should be stressed t l-rat the environmental
r l trst concentrat ions to rvhich the subjects
\r'ere exposed rvere very liigh by current stan-
darcls; the clegree of atopy of the populat ion
might assume relat ively greater importance
u'hen the exposure is less. In any case, factors
otl ìer than skin test reactivi ty appear to con-
tr ibtrte to the clevelopment of symptoms,
even within the cutaneous reactors or atopic
groupl evidence that brondrial reactivi ty to
histamine plays some part wi l l  be presented
in a later paper.

Pulmonary function tests, inclucl ing esti-
mat ions of  vent i la tory  anc l  d i f fus ing capac i ty ,
rer,ealed no srarisr ical evidence Bf persist ing
bronchopulmonary r l isorder in the subjects.
The series is inevital>ly biased, ancl this f incl-

rng cannot be takcn to imply the absence of
harmful  ef fects on long term exposure.  In
fact ,  there $,ere 4 pat ients wi th respiratory
symPtoms t l ia t  apparent ly  pers isted months
af ter  cessat ion of  exposr l re,  2 of  whom show-
ed progressive c lecrease in pulmonary eiast ic
recoi l  pressures,  a change consistent  u, i th the
r leve lopment  o f  emphvserna  (17 ) .8  A l tho r rgh
these obsen'at ior-rs are inconclusive,  they em-
phasize the neecl for elaborate ancl compre-
hensive medical  st rn 'e i l lancc that  shoulc l  take
the form of a prospecri\,e epiclemiologic
study and include subjects who do not  react
to the skin test  ( the ones perhaps more l ike-
ly  to to lerate heavy exposures rv i thout  com-
plaint)  as rvel l  as fo l lotv-up studies in those
in rvhom symproms develop.  I t  should in i t i -
a l ly  inc l t rde ser ia l  assessments of  rhe me-
chanical  properr ies of  the lungs in selected
personnel  as a sensi t ive means of  assessing
increasing ainvay resistance or  loss of  e last ic
recoi l .  Obstnrct ive synr l ronÌes appear to be
the more l ikely possib le hazaruls of  long term
exposr l re;  so far  c l in ical ,  racl io logic,  or  func-
t ional  evidence of  a lveol i t is  or  interst i t ia l  d is-
ease were not  founcl  e i ther in th is surv.ey,  in
c l in ical  examinat ions of  u 'orkers dur ine en-
zyme "runs,"  or  in response to <le l iberate
aerosol  chal lenge.
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RESUATEN

Síntomas respirator ios y.  tenclepcia react iva
cutànea en t rabajadores expucstos a enzimas
proteol í t icas en la inc lustr ia de c letergentes

Utra invest igación en g8 t rabajaclorcs cn la in-
dustr ia de c lctcrgcntes cxpuestos pcr iódicamente
a al tas concentrScioncs c lc cnzimas proteol í t icas
indicó quc 50 por c icnto dcsarrol lan síntomas

r ' {  ( lanr levi : r ,  l } . ,  arr<l  Nf  i tchcl l ,  C. :  - I -hc 
dangcr.s

of  prot t< l l l t ic  cnzvnrcs t<> rvorkers.  N{cd.  . f  .  Arrst . ,
t f ) 7 t .  / ,  r 0 3 2 .
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que sugicrc l ì  asma cn cxposic ión,  b icn sea a la

mctlia hora, tlespttés de 4 o 5 horas' o Por

la noche. Reaccioncs positivas immediatas

(Picadura) y de 5 horas (intradermal) rìo

fr"..rn significantcmentc m;is frccucntcs en los

in<l iv iduos s intomri t icos (72 por c icnto y 44 por

c icnto respcct ivamcntc)  que cn los indiv iduos

asintomiticos (56 por ciento y 24 por ciento)'

En contrastc, hubo rtna asociación significante-

mcntc alta entre las tende ncias rcactivas cu-

tdncas positivas con enzimas y con 3 alergenos

inhalantes cornunes. Exceptuando llna his-

toria de alcrgia a comid'as o a drogas' la his-

toria pcrsonal o familiar de manifestaciones

atópicas no influyó la probabilidad del desar-

rollo de síntomas, ni tampoco eI hibito de

fumar o la evidencia clínica corricnte de bron-

quitis. Los hallazgos sugieren que las rcacciones

slntomóticas bronquiales en una población ex-

puesta a un sensitizante potente y a un material

químico activo pueden ser cleterminadas Por

mcdio de otros factores adcmfs de la alergia'

por lo menos como lo indica la tendcncia reac-

iiuu cutànea. No se encontró ninguna evi-

dcncia de daf,o pulmonar permanente' tal como

lo indican las pruebas de la capacidad ventila-

toria y difusoria cn indivitlttos scnsitizados o no

scnsitizados, sintom6ticos o no.

c le farni l lc  c le maui fcstat iot rs atoPiqucs'  n i  I 'habi-

t r tc le cìc f l tmcr ou l 'ev idcncc c l in iquc de bron-

chi tc avaient  c le I ' in f ìuencc st t r  la probabi l i te du

développcment des symptomt:s' C)n en conclut

que le,  ,eact ions symptomat iques bronchiques

. l - r " ,  ut tc  populat ion cxPoscc à t tne mat ière

puissante scnsib i l isante ct  act ive chimiquemcnt

p", ,u"r t ,  èt re détcrminecs par d 'autres factcurs

àinr i  qu" I 'a l lergic,  au uroi t rs comme c 'est  in-

diquc pa,  tu réact iv i té dc la pcau'  L 'évidence des

tesis t ìe la capaci tc vent i lato i re et  de di f fus ion

n'a pas clemontré cltt clommage Pcrmanent des

poumorìs parmi lcs sujets scnsib i l ises ou non'

scnsi l l i l ises qu' i ls  soient  s) ' l l . lPtomat iques ot t  non'
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Des symptomes respirato i res et  c le la réac-

t iv i té de la Peau Parni  les ouvr iers exposés

aux enzymes protéolyt iques dans I ' in t lustr ie

des produi ts déters i fs

Un aperqu de 98 ouvriers dans I' industrie des

prod,út, détersifs, qui avaient eté exPoses Pé'

,iodiq.r.rrr"nt à des concentrations éle vées de s

enzvmes proteolytiques, indique que 50 pour-

ccnt de ces ouvriers développait des s)'mPtomes

qui  suggeraient  I 'asthme, ou bien au moment de

lì"*porii ion, o.-, dans une dcmi-heure' après

qu"ir. ou cinq heures, ou cncore pcndant la

nuit. Irs réactions positives immediates (pi-

qúres) et de cinq heures (intradermiques)

,r'. ' ,"i".,, pas tellcment plus fréqucntes chez les

sujets s lmPtomat iques (respect ivcmcnt 72 pot t r -

cent  et  44 pot t rccnt)  quc chez les sujets s)mP-

tomatiques (56 potrrcent et 24 pourcent)' Par

contre, i l y avait une asso{iation extrèmement

significative entre les réactions ponitives de la

p"u,, au détersif et aux trois allergènes in'

halants communs. A I 'exccpt ion d 'unc histo i rc

d'allergie à certains aliments Úu aux pro<ìuits

pharmaceut iques,  n i  r tne histo i rc pcrsontre l lc  ot t
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