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A  p u l m o n a r y  r e a c t i o n  c h a r a c t e r i z e d  b y  t h e
d e v e l o p m e n t  o f  b i l a t e r a l  i n s p i r a t o r y  a n d  e x p i r a t o r y
f i ne  rà les  was  observed  in  11  o f  2g  sub jec ts  on  b r ie Î
exposure  to  ae roso l  . .A l ca lase" ,  a  p ro teo ly t i c  enzyme
used  ín  de te rgen t  powders .  The  concen t ra t i on  o f
" A l c a l a s e "  p r o d u c i n g  t h e  r e a c t i o n  v a r i e d  f r o m  0 . 0 1
t o  1 0  m g / m l  ( t e n d i n g  t o  b e  l o w e r  i n  s k i n - s e n s i t i z e d
s u b j e c t s ) ,  w i t h i n  t h e  r a n g e  l i k e l y  t o  b e  e n c o u n t e r e d
u n d e r  t h e  w o r k i n g  c o n d i t i o n s  o b t a i n i n g  a t  t h e
t i m e .  T h e  p u l m o n a r y  r e a c t i o n  o c c u r r e d  a l o n e  i n
fou r  sub jec ts .  I n  the  rema in ing  seven  sub jec ts ,  i t  was
a s s o c i a t e d  w i t h ,  a l t h o u g h  t e m p o r a l l y  i n d e p e n d e n t
o f ,  a n  i m m e d i a t e  o r  l a t e  b r o n c h i a l  r e a c t i o n ,  a s
i n d i c a t e d  b y  t h e  d e v e l o p m e n t  o f  a s t h m a t i c  s y m p -
toms  and  a  dec rease  in  FEVr .  Symptoms were
a b s e n t  o r  m i n i m a l  i n  t h e  a b s e n c c  o f  a  b r o n c h i a l
r e a c t i o n .  N e i t h e r  s k i n  s e n s i t i v i t y  n o r  s y m p t o m s
on  indus t r i a l  exposure  were  re la ted  to  the  deve lop -
m e n t  o f  r à l e s  o n  c h a l l e n g e .  T h e  r e a c t i o n ,  w h i c h
p r e s u m a b l y  o c c u r s  i n  t h e  b r o n c h i o l e s  o r  s m a l l  a i r -
ways ,  ra i ses  the  poss ib i l i t y  o f  l ong - te rm e f fec ts ,s
a n d  r a i s e s  s p e c i a l  p r o b l e m s  a n d  o b l i g a t i o n s  i n
m e d i c a l  s u r v e i l l a n c e  d u r i n g  i n d i v i d u a l  e x p o s u r e s
and  as  a  l ong - te rm p rocedure .

In 1968, asthma Ín an employee of  a Sydney factory
making enzyme detergents rvas at t r ibuted speci f ical ly  to
"Alcalase" on the basis of  the history and the resr . r l ts  of
bronchial  provocat ion tests to var ious preparat ions.  Af ter
th is exner ience,  and the publ ic i ty  g iven to papers by
F l inc l t  (1969)  and  Pepys  e t  a t i i  ( 1969) ,  a  m ino r  , , ep idemic "

of  respiratory d isease i r r  the same factory was invest igated
(Mitchel l  and Gandevia,  1971; Simson and Simpson,
unpubl ished data) .  With the col laborat ion of  management,
unions,  insurance companies and the indiv ic luals concerned,
29 selected subjects rvero studied in more detai l  in  hospi ta l ,
part ly  to def ine more precisely the mechanisms involved,
and part ly  to e lucidate certa in problems posed by the
in i t ia l  survey,  notably the s igni f icance of  sk in sensi t iv i ty
to "Alcalase" and the of ten delayet l  onset  of  c l in ical  symp.
toms af ter  exposure.  In I 'esponse to smal l  provocat ive

l . fo int  Coal  Board Fel low in Thoracic Medic ine.
s Associate Professor in Thoracic Medic ine.
3 Since th is $ 'as rvr i t ten,  loss of  e last ic  recoi l  has been

demonstrated in a group of  more heavi ly  exposecl  subject : ;
(Gandev ia  and  M i t che l l ,  1971) .
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2 0 3 6 .

doses of ad "Alealase" extract given by aerosol, asthmailc
react ions,  wi th onset  ( i )  immediately,  ( i i )  af ter  four to
f ive hours or  ( i i i )  dur ing the fo l lowing night ,  were pre.

c ip i tated in 18 of  the 29 subjects;  reenvery occurred wi th
or wi thout  speci f ic  t reatment (Mi tchel l ,  1970).  I fowever,
seven subjects who showed an asthmatic reaction and
four who did not  do so al l  developed bi lateral  f lne rà les
af ter  the provocat ive inhalat ion of  "Alealase".  This
react ion involv ing smal l  a i r rvays is  the subject  of  the
present paper.

S U B J E C T S  A N D  M E T H O D S

The 29 subjects were selected f rom an exposed work
force of  approximately 100 on a var iety of  def ined grounds,

including c l in ical  sever i ty  of  symptoms on exposure,  posi-

t ive resul ts to skin tests wi th and wi thout  a h istory of
symptoms on exposure,  and symptoms on exposure wi th
negat ive resul ts to skin tests.  The essent ia l  purpose of
admission of  the pat ient  to hospi ta l  was to perform

bronchial  provocat ion tests in the course of  ser ia l  c l in ical ,

funct ional  and radiographic assessments of  broncho-pul-

monary status.  Skin sensi t iv i ty  to "Alcalase" and bronchial

react iv i ty  to h istamine were also est imated.

Skin tests were performed using an extract of commercial
"Alcalase" prepared in, our laboratory, and giving co[r-
parable skin reaetions to those obtained rvith "Alcalase"
extracts f rom other sourees.  For pr ick tests,  a solut ion
of  a concentrat ion of  1 mg/ml rvas used; the resul ts were
read at 20 minutes and record.ed as negative when no palp-
able rveal  was present,  one-plus 'when a weal  of  up to 4
mm rì iameter rvas present,  t * 'o-plus rvhen a react ion was
greater  than th is,  and three-plus v 'hen pseudopodia were
also present.  For int radermal tests,  0.01 to 0.02 ml of  the
extract  in a concentrat ion of  0 '05 mglml was used. The
results rvere read at fir 'e hours and recorded as the mean
diameter of  indurat ion in mi l l imetres.

Ventilatory capacity tests were performed in the conven-
t ional  manner wi th the subject  seated. .  Each subject  was
tra ined to record his vent i latory eapaci ty as the one second
forced expiratory volume (FE\r1) and. the forced vital
capaci ty (FVC),  using a } fcDermott  d i rect-reading dry
spirometer. This was performed hourly whilst he lvas alvake,
general lv  f rom 6 a.m. to 10 p.m.;  the higher o. f  t rvo sat is-
factory est imates was aceepted in each instance.  Each sub-
. ject  rvas requested to reeord fur ther values should he wake,
for  an1'  reason, between 10 p.m. and 6 a.m.

Bronchial  react iv i ty  to h istamine was measured by
estimating the percentage change in FEV, follorving one
minute 's inhalat ion of  an aerosol  of  h is, tamine phosphate,
admin.istered, as 2 mg of histamine base per mill i l i tre of
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solut ion f rom a.De^V_i lb iss 40 nebul izer ;  0.25 ml of  aerosolYas generated in .one_ minuie--úsing compressed ai r  at  anorv rate of g I ' lmin. Til '- it iv, 
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R ESU LTS
B'ateral ràres deveroped in 11 0f the 29 subjects. rnthe absence of a bronchial (asthmatic) response, nosymptoms developed as a rule; even widespread ràleswere associated onry rvith some cough, occurring especialryat the end of a deep inspirat ion. tn. ràres usuaty occurredwithin two to four hours and lasted for 12 to 24 hours.sometimes for two or three days, and in one subjecf(Case 1) for two weeks.
Table 1 sets out the relevant information concerningthe 11 subjects. tr'ive gave negative immediate and nega-t ive or sl ight f lve-hour skin Àsponses. six gave posit iveimmediate skin reactions, and four of these also gavemoderate five-hour reactions. Bronchial reactivity tohistamine was abnormally high, as indicated by a deereasein FEV' of more than l \ok, in two of the group withnegative skln responses, and one of those witn posit iveskin responses. Symptoms on exposure at work alsooccurred in subjects with and .rÀrithout dermal sensitivity.The concentrat ion which produced ràles tended to behigher in those without skin reactivi ty than in thosewith i t ,  but this may be pari ly a ref lect ion of the cautiontaken to use small  doses in those considered more at r iskof developing signif icant asthmatic symptoms. Six sub.iects (Cases 1, Z, 4, 6, g and 11) had fai led to show anyreaction to eoneentrat ions one-tenth of those recorded Ín

Table 1.  Seven subjects showed bronchial  react iong tothe provoeat ion tests,  mani fest  as marked and unequivocal
decreases in FEV., either immediately (Cases g, 4, 6, g,
10,  11) or  af ter  a lapse of  four to s ix hours (Cases 6,  g,
9 ,  1 0 ,  1 1 ) ,  o r  b o t h .

Thus,  wi th in the l imi ts of  a ne*essar i ly  smal l  ser ies,the development of  f ìne rà les in response to aerosolchal lenge wi th , ,Alcalase, ,  
was unrelated to skin sensi-t iv i ty ,  to bronchial  react iv i ty  to h istamine,  to symptomson occupat ional  exposure or  to bronchial  react ions a.sref lected in changes in FEV' .  By contrast ,  in th is selectedgroup, the presence or  absence of  bronchial  react ionstended to be re lated to the presence or  absenee of  sk insensi t iv i ty '  a l though the re lat ionship is  not  absolut*af inding conf i rmed by observat ions in the other 1g ca.sesin whictr  rà les did not  develop (which are thereforeexcluded f rom the present paper) .

TI,BLE 1
Airway Reactione to Aerosol proteatc

Skin Reactions Rronehial pro_

Case 
to .. Alcalase ', Ró;.'t'irit;.. rrolntilr... Rea.ction to pro-

nuìiÉér' l;---rare r,e-q$,o. "il:îJli:',-IÈHjb,*"',
mediate (mmy 

_. qi;\.;.- ììatjon. Bronchtats l.J.ni]per Centua)z (ms/rnl) "àhr.

- 9 . 6
- l ' o
- 4 . 0

-28  3
- 2 9 . 0
- 4 . 6

0
- 7 . O
-  8 . 1

- 3 5 . 0
- t ' e

+

+
+

- +
+ -
+ -
+

+ +
+
+
+
+
+
+

- r 1
+ +
+ +

10
10
o ' 1  +
o ' 1  +
0 . 1
0 . 1  +
0 . 1

1 0 +
0 . 0 1  +
o ' 1  +
1 .1-

ouLJ 'u

I *:::::-,t l' n'1'."otgg19h1nee oo ioitiJ rnv,.
,^ '_lugglA.a as posit , ive j f  FEVr à.rr.u.rO-U,40 mir( immcaiuíài.ói. ,"ter (rtsrrnrrw artor a J n_"-19 t lqq 19% either withinttÍ*mr::*"f :::::,1::!j!",,:i.#$?'Jìrà,,l?l;t1,J."1_T,,î' Arbitrarily graded according to extent ;#il#."iilí,Jl

Diffusing capacity for carbon monoxide and/or ventila-tory response to a known amount of exercise were esti-mated before and af ter  chal lenge in e ight  of  the 11subjects;  the resul ts of  nei ther test  showed any s igni f lcant
change. The mechanical  propert ies of  tne iunJs wereassessed dur ing and af ter  bronchiolar  react ions in foursubjects.  Stat ic  lung compl iance was not  reduced, andthe t idal  compl iance showed only the normal  range ofvar iat ion dur ing deep or cont inued quiet  breathing.  These
funct ional  f inr l ings ar€ interpreted as consistent  wi th
bronchiolar  dysfunct ion,  and as fa i l ing to indicate any
evidence of  a lveolar  involvement.  Dynamic compl iance wasnot est imated.

No unequivocal  changes were detected in any of  thepaired chest radiographs taken before and after proyoca-
t ion.

Attention may be drarvn to three il lustrative cases. fn
Case 1,  the subject  had had intermit tent  expogure to
enzyme-contain ing dust  for  a tota l  per iod of  perhaps four
months dur ing the course of  two years,  and had remained
asymptomatic throughout. His skin responses rilere nega-
t ive,  and he showed no asthmat ic response and developed
no symptoms in response to the provocat ive aerosol  in
concentrations of 1.0 and 10 mglml. Ifowever, after the
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higher concentration, he developed wid.espread fine ràles
persist ing for  several  days (Figure 1) ;  no change was
observed in FEV, over th is per iod.  The dose to which th is
man was exposed was below that  which he might  have
encountered in an accident  at  wor l r ,  or  dur ing the course of
a ferv days'  rvork in the environmental  dust  concentrat ions
obtain ing at  that  t ime.
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possib ly a lveolar  (Pepys et  a l i i ,  1969) efrects.  That  the
ràles ref lect  a react ion involv ing the bronchioles or  smal l
a i r r , r 'ays is  suggested by the character  of  the sounds them-
selves.  The advent i t ie are s imi lar  to those associated rv i th
the inhalat ion of  chlor ine and other i r r i tant  gases known
to exert  an inf lammatory ef fect  at  bronchiolar  level ;  they
are not  of  the hind c lassical ly  associated . rv i th respiratory
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By contrast ,  the subjects in Cases g and 10 had had
simi lar  enzyme. exposure,  but  were amongst  the most
strongly react ive of  the ent i re ser ies of  100 workers in
terms of  symptoms on exposure ant l  of  sk in and bronchial
react ions;  they also developed rv idespread and re lat ively
persistent  rà les (F ' igures 2 and B).  Any f ine rà les
developing as a compl icat ion of  severe asthmat ic react ions
at  rvork could readi ly  escape observat ion,  or  i f  they were

l:::l:::Z::::::

uni t  d iseaso,  such as f ibrosiúg alveol i t is  (d i f fuse inter-

st i t ia l  lung disease),  in which f ine,  "dry" .  "crackl ing" or

crepi tant  sounds are commonly conf ined to the inspiratory
phase and usual ly  concentrated towards the end of  inspira.

t ion.  The present sounds may occur ear ly in inspirat ion,

and are scat tered i r regular ly  through both inspirat ion

and expirat ion.  That  the sounds are not  a lveolar  in or ig in

is fur ther supported by the lack of  s igni f icant  change in

::ì:ifil:i

:l:i::::i:j:l:

î^

,î\
I
I  A  l c a l a s e calase 1O mg/ml1 nrgi ml

1 2  a . m .  1 2  P ' n .

FIGURE 1 :  Case 1 :  i l l us t ra t ing  the  deve lopment  o f  f ine  rà les  ( represented
by  the  shaded area  )  bu t  no  as thmat ic  reac t ion  fo ì lo rv ing  the  inha la t ion
of  "À lca lase"  ex t rac t .  In te r rup ted  l ine :  FEV,  recorded pr lo r  to  cha l lenge.
Cont inuous  l ine :  FEV'  recorded a f te r  cha l ìenge.  The b lack  bars  on  the

t ime ax is  represent  per iod  o f  s leep.

E=
j
U

Alcahse 0.01 mg/ml

| 
/i::l::,;.:.:':.:!::, ,':'.

lo,.u,ur" , r,ril;,

(
1 2  p . m .  1 2  a . m .  1 2  p . m .  1 2  a . n .  l 2  p . n .  l z

Fro-une 2 :  case g  :  - i l l us t ra t ing  the  deve lopment  o f  f ine  rà . les  and an
asthmatic reaction fol lowing thìt  inhaìat ion óf ;  A,lcàlase" 

-extract. 
Sctrema

as in Figure 1.

i.í

I
l),

noted,  their  re lat ive independence of  the asthmat ic reac-
t ion,  and hence their  possib ly d i f ferent  s igni f icance,  could
easi ly  be over looked. Al l  three cases i l lustrate the fact
that  the rà les are independent of  changes in vent i latory
capaci ty.

D I S C U S S I O N

The f inding of  rà les indicat ing a form of  pulmonary

react ion to an inhalat ion of  aerosol  "Alcalase' ,  was
unexpected;  regular  auscul tat ion and ser ia l  lung funct ion
tests had been planned l . r r imar i ly  to detect  bronchial  and

the diffusing capacity and the chest radiographs after proyo-
cation, and by the absence of mechanical evidence of
alveolar instabi l i ty at a t ime when the adventi t Íous sounds
were maximal. The lack of relat ionship between ràles and
FEV' also supports a bronchiolar level of reaction, in
that i t  is consistent with the small  contr ibution of the
peripheral airrvays to total airways resistance (I\ tacklem
and Mead,  1967;  HogC et  a l i i ,  1968) ;  i t  i s  ev ident  that  the
reaction can occur in the peripheral airways independently
of the large airways.
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The evidence is not sufficient to establish *hether themechanism of the bronchiorar re.zction js chemicat (irrÌta-
t ive) or immunologicat. Bronchiorar reactions after
deliberate chailenge occurred in subjects with no other
manifestations of hypersensitivity, but so too did asthmailc
reactions (Mitchel l ,  1gZ0). The t ime course of the reaction
is conceivabry consistent with either type of reaction. îhe
Oossibt l i ty that both mechanisms may be relevant in
Bractice is suggested, flrst, by our impression that tower
concentrations suffice to produce a bronchiolar reaction in
sensitized subjects, and secondly, by the fact that when-
ever these adventitious sounds have been noted in the
course of, or shortly after, occupational exposure, the
afrected subJects have given posiilve skin responses
(personal observations; w. p. Nelson, personal communica-
t ion). on the other hand, in cases occurring in industry,
the subjects are obviously likely to present with symptoms,
and hence with the probability of an asthmatie type of
reaction, reduetion in FEV, and skin sensitivity (ùritcheil

THE I\IEDICAL J0URNAL oF AUSTRi\LIA JuNn 26, l97l

enzymes had been employed in ttre industry, who have
der.e/oped'tóronÍc asthma,' ,  no\Àr indist inguishable from
asthma of non-occupationar origin. rn al l  four cases i t
occurred for the f lrst t ime in immecliate relat ion to . .acute,,
enzyme exposure' and ail four subjectg give positive skin
responses. In subjects of the relevant age group, this
represents a remarkably high iucidence of new cases of
asthma of this type. Bronchiolar disease and loss of elast ic
recoil due to emphysema may contribute to the development
of asthmatic manifestations, notably by diminishing air-
way support. Evidence of progressive ross of elastic recoil
is provided by studies of the mechanical properties of the
lungs in two of the four subjects over several months
during which no further exposure to enzymes occurred;
in both cases, transpulmonary pressure at full lung infla-
tion decreased and deflation (static) compliance increased;
total lung capacity increased, but the relatively normal
relationship between transpulmonary pressure and alrways
conductance was maintained, indicating no signiflcant
change in the larger airways in terms of slze and dis-
tensibility. Botb these subJects had been observed to show
a bronchiolar reaction to provocative chalrenge, 'whilst

these findings may be coincldental, or lnctdental to the
development of non-occupational disease, we believe that
they rvarrant further investigation of men exposed to
the former working conditions_, a study currenily being
under taken by one of  us  (C.M. l .

These observations raise problems which in some res.
pects are without a clear precedent. subclinical bronchiolar
reactions to an occupationar inhalant have not previously
been reported, whether as an irr i tant or a sensit izat ion
phenomenon. cl inical manifestat ions of bronchiolar invorve
ment have been recognized after accidental exposures to
irritant gases such as chlorine and phosgene, and bronchrorar
involvement may well be responsible for some of the
cl inical signs of vanadium (Zenz et at i i ,1962) and perhaps
cadmium inhalat ion; al l  may be associated with the
development of chronic obstructive airways disease. In
these circumstances, and. in the absence of adequate prog-
nostie information, we believe that meticulous rong-term
surveillance srrould be obligatory for all workers at risk
of inhaling proteolytic enzymes, and that thls surveil-
lance should not be confined to symptomatic or skin-test-
posit ive individuals; nor shouid i t  be necessari ly l imited
to the period of their employment in the industry. In ouryie', relaxation of a rigid foilorv-up system should take
place only after reassurance has been obtained from pros-
pective studies, and in the t isht of experience of the long-
telm results of the more stringent safety procedures
already introduced by the larger and more responsible
industr ial conce.ns. These prospective studies should
include more sensitive indices of the mechaniear proper-
ties of the lungs than oonventionar and simple indices of
ventilatorf capacity.

tr'inally, in view of our findings, we consider that provo.
cation tests emptoying active enzyme extracts are contra_
indicated in users, whether symptomatic or not. our use
of them was justified, not only by the urgent necessity
to clarify a complex situation, but also by the fact that
the doses used were ress than those likely to be encoun-
tered at work at that time by the subjects being studied.

t r ' /

tr 'rcuRr 3 : Case 10 :. i l lustrailng t-he - development of finerales and an asthmauc ièàìtlòi'-folìowrng lhe rnhatauon of,.Atcalase', extract Sótrimà' ari rri r-iàúrj^i:*-

and Gandevia, 1g?1). rt  must be stressed also that the
development of fine ràres is easity overlooked when they
occur in conjunction with moderate or severe wheezing-
an observation borne out by experience in industriar
surveys during exposure. Even if they are observed, their
temporal independence of the asthmatic phase, and
hence their dif ferent signif icance, may readi ly escape
detection.

The demonstration of a bronchiorar pattern of reaetion
to inhalat ion of a proteolyt ic enzyme raises the possibi l i ty
of long-term sequere. papain, a proteolytic enzyme, admrt-
tedly with a different site of action in the protein molecule,
produces bronchioritis, and itaas been shown experimentaly
to produce emphysema in several species of animals
(Gross et alii, 1964; park ef atií,, Lg70). Our evidence on
long-term effects of "Alcalase" in man is circumstantÍar
and inconclusive,l but is sufficient to cause som,e concern,
at least as regards employees rvorking under previously
exist ing condit ions ( in which environmental dust concen-
trations in excess of 125 pg af "Alcarase" per cubic metre
might be encountered). 'we 

are aware of at reast four
subjects amongst a maximum of 200 employees, exposed
for less than six months of the two years for which

l  Bu t  see  la te r  x 'o rk ,  Gandev ia  and l \ { i t che l l ,  1g21.
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