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Sueden

Sutnrnary 12 adult patients with perennial asthma and
chronic skin infection were found to have

immediate hypersensitiviry to Trichophyton spp. 10 patients
were tested by bronchial provocation and gave immediate
bronchial reactions to an extract of 7 tùnsurans. Double-
blind, placebo-controlled nasal challenge of 8 patients
demonstrated that the upper airways of these patients were
also sensitive to this dermatophyte antigen. In addition to
perennial asthma most of the patients had persistent
eosinophilia and chronic rhinosinusitis. The results suggest
that absorption of fi.rngal antigen can give rise to IgE
antibody production, sensitisation of the ainvays, and
symptomatic asthma and rhinosinusitis. Several parients
had many of the fearures of late onset or "intrinsic" asthma.

Introduction

THg observation by Charles Blackleyl' 100 years ago that
inhaled fungi could induce asthma has been repeatedl-v
confirmed. These airway responses correlate with positive
immediate skin tests and the presence of serum IgE
antibodies.2 In 1930 Wise and Sulzbergerr described a
patient with asthma and severe tinea infèctions, r.vhose
asthma improved rvith treatrnent of the fungal intèction.
V'hen this patient was tested intradermaillr with
trichoph.lton extrac-t she had itching, urticaria, violent
sneezing, and d1'spnoea. There have been subsequent
reports of dermatoph-'*te sensitiviry associated rvith either
asthma or urticaria.s Also chiropodists may havc immune
responses to and sl-mptoms from trichophlton exposure,

r-,'

piesuóably after inhalation of antigens rvhile gdnding
* - l  - ' "  ,  fr<iEfecled tdelail s. e I mmediate hyp ers ens itiviq'" to dermato-

ótlvte antiser€fiEav be common in patients with more severe

iinig?pnÉroÀP, which has been anributed to failure of
protectiie delayed hypersensitivity.lÈ12 Jones et all3

reported cross-sensitivity between trichophyton and a range

of inhaled fungi, casting doubt on the specificiry of the

responses to trichophlton. tt

We have reported that serum IgE antibody levels to

trichophyton correlated well with immediate skin-test

reactions in adults with urticaria, angio-oedema, rhinitis, or

asthma.s We found limle evidence for cross-reactiviry with

other fungi or antigens. We also reported a trichophl'ton-
sensitive patient whose asthma improved, and remains
controllable, after the start of iocal ùeatrnent of

dermatophyte infection.lo We now report 12 patients with

asthma, dermatophyte infection, and immediate hyper-

sensitivity to trichophyton. Our aim was to investigate

whether these patients have trichophl-ton-specific
sensitisation of their upper airways and bronchi.

Patients and Methods

Patients

We studied l2 adult male patients rvho had a documented history
of reversible airway obstrucdon and an 8 x 8 mm rvheal i 5 min after
an intradermal test with mi-red trichophyton exuast I I ' l0 2 wrv
or less; Hollister-Suer, Spokane, \X'ashington). 15 aduit volunteers
(9 male), who included 5 asthmaric padents' gavc negaúr'e
immediate skin responses to trichophllon, and had no detectable
(ie, less than 7 units) IgE antrbodl' to tnchophlron, sen'ed as

controls. l0 of the group of l2 patients rvere studied *ith bronchial
provocation. Written conscnt was obtained from all subjccts and

every procedure was approved b-v the Uruversitl'of Virg:rua human

investigation committee.

Exrracts and Skin Testirtg

T ttmsurans dried mat was provided b1' Hollister-Stier and

extracted for l2 h in ph-vsiological saline'10 1) and iliaivsed against

rwo changes of saline tbr 24 h. The exuact rvas tìeeze-dried in 5 mì

arnounts and reconsrituted and hltered beibre use. Skrn drrauon

with î tolsur;,ns extract was done on the volar suriace of the arm
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with a 2ó G ncecile, skrring at l0 j rviv in 30 pl. Immediatereacdons rvere read at i j min with an cn,J_point of an g x [J mm orlarger wheai. Late and clelayecl ."".ain.,, were recordecr bv thepatlenm in mm of induration at 6. lB, 2+, +S, _O ZZ n.-'* 
",

Bronc hi a I Prn,oc,tt i ot t

Bronchiar chailenges were done by. the 2 min ddal volumemethod with a De Vilbiss pump 
"and 

Air Life (AmericanPharmaceudcal C-cr) nebuliser .àn"liiù':. 5 ml solution. ls \X?rerepossible adrenergic agenrs, oral and urhalcd, and theophyllinepreparations were withhelcj for 12 h belbre p..r"o.".ior;J;g.
Antrhistamrne and 

-sodium .h.o;;gi;;are preparadons lverewithheld for 4g h. No patients ,"..r.-'i"..iuing hydroxyzine or
:l_,i.h:lT:tgrc 

drugs. In i.cases i"f,"i.O 
-0,_ogo.,ir,, 

were wirhhelcltor only 6 h before testing because of sl,rnproms, and I patient wasnor rested because his forced.expiratory: 
"nì.,*" 

_ r ., f-rÍvjì*..
iî"*1 

t9"1:, of predicted. Fo. f,ir,o-*. provocarion resrs,rusumrne acid phosphare was diluted from a stock solution of16 mg,'ml, passe<i throysh.al 0 22 1-tm fìlter, ancl prepared indoubling diluri.ns tiom 2 io 0 0625 -g;*i A FEV' arop of 20,% ormore from baseline with I mg,,ml histimine or less was regarded aspositive. Anrigen solutions of rrÀopf,lto.r, cat dancier,Dermatophagddes faittae,..*d .y" g.us porr.., were dialysed,filtered' and diluted in sarine. r ,oítiro^ was adminisrered 'rincreas.ing haif-log concentrations starting at l0 o w,,v or lessdepending on skin sensitiv'it1u. A fall oflg% in FEV, was regardedas posirive, and patients who had sy'mproms l5 min àt", , p?lìir.
î:,:ll" 

chaltenge. were úeareO wittr nebulised salbutamol. 4patrents were admirted to our clinical reasearch cenúe forobsen'ation; however, none had late reacdons requiring furrhertreaùnenr. Subjects were given a Wright peak_flow;",;?";:;;;
peak expirarory flow ut 6, lg, 2q, íg, ^ a ZZ h after bronchialchallenge.

Nasal Prmocation

Nasal challenge was done as a double_bhnd, placebo_controlledcrossover srudy. Before chalrenge all patients underwent anteriorrhinoscopy and rhere were no major pathological findings(rumours, polyps, or septal devi"tio.,)-it 
" 

parlenrs were rancromlvallocated to stan nasal ihalleng. *iu 
"itr,Jr'placebo 

or T- tortst,rar^e\-tract. Solutions were prepared on rhe same day as the challenge,which was done with rwo o zo ml sprays ini.h;il .*tq, ,,"'"fr-wi th l0 j  w'and increasing up ro- to l j .  t r  min u.ere al rowedberween each challenge and àt teast 2 h betr.veen challenge with

]-HE L.\NCE-f, APRIL

radioallergosorbent tesr, with f tnnrurorc

Serum IgE antibodies ro trichophlton rvere measured by'sephu.os?-+À;-rpr,."*;]:'ú,:"îJJ'íi"'XTî,'J" jff '1"::
obtained fiom a conrrol cJrrc.8

:!:l 
rhev rvere skrn resr n.guiir... il ;;ì;.;,';rv!a! JNlr rcst rrsgatlve. ln addtttOn, 4 Of thenegative controls 

"vere 
asthmatic and gave positive bronchialresponses to an antigen to which they had à positive ,t^,.ri(data not shown).

INFECTIO} i .  A\ -D POSITI \ ,E SKI \  TESTS TO TRICHOPHYTON

placebo and actìr'e sorurions. \iasai peak expiratory fìow u7n5recorded bef'ore and after-every step. The numte. nf r.r".r", *1,counted and the degree of congesriòn and secretjon was .r,i*u,frby the patients on a scale irom 0 to { f0: none, i;rùì2 : moderate, 3 = se'ere, 4: intolerable). I-he nrrmb..'of ,";;iwas scaled to zero sneezes :0, l_3 : I, . l_ó :2,7_9 = 3, ;J ió;;more:.1. 'l-he 
scores tbr congcstion, secretion, *d ,;;;;;;;;evcrJ/ srep rvere surruned imaximum l2).

R adi oal I ergo sorb erú T e s t

Results
The clinical fearures, skin test results, ancj the levels ofserum IgE antibod res to T tonsrffelrs are shown i' trUt. i. attthe patients had signs of fi.:ngar infection on their skin ortoenails and ail had asthma, lo.hi.h was severe in 4 cases (ie,on oral steroids for more than a y.ear). In addition, g;u;;;,

had required rearnenr for rhiniiis, including op..",[*ìr, Scases, and 7 had evidence of chronic rhinosin"usì,ir;;î:;;;.
In 5 patients asthma srarted before the age of r0 years andthese patients had 

-multiple positive skin rests. In conrrasrasthma starred in 3 patiénrs over the age of ZO V.a.r, a.rithese 3 had no other positive skin resrs, except for that toT tonsurans.

B ronc hi a / Pr ot.ocat ion

Fourreen of fifteen T tunsuransbronchiar challenges in r0patients were positive (table rr). The one negativ..["il.rrg.
was observed in patient 2 after 'wo posltiv. 

"h"ii;;;..;several monrhs earlier. l5 controls g"rr. .r"g"tive challenleswith l:10 extracr of T tonsurorr, i-rd the difference in themaximum obsenedfail 
T JEVI was signifi.*, fu"p.irJ,tesr, p < 0.001) (fig tì. 4 ofthe rièhophlion positive iatientsgave no response lvhen challenged rvith other *,in..r, ìu

T.I* I -E I - {LINICAL DETAILS OT'  I2  .T,TEX WITH ASTHMA, SIGNS OF FUNGAL

Age ar
Prt icnt  , r i r " ,  I  I  ^^r  I  

Ttor t t t r<t t tsl ) a t r e n t  j  o n s e t  i  I  r r r h , . ,  l t t o t t s t Ù d t $  i  i  C h r o n i c  Ì  _. 
1 J..,r.,..TÍ J.,,,'rrrn'', .,:d: , * i,HS:

5  i  \ l , r l q 1 3 1 g  I - r , - ;
-  r  ( . r  r5r ; :  i  l :  

_  S k i n  i C l o r n m a z o l c  I  + +

j  rr ,  -  l ()  i i ' i ,  ) : Ì l ' l l l '  : le ;  
\  ' l { ì{ .mrzorc

t,i i, -,0 rì11.i".,,. j i, i i i l i l i, i i l l i ,;i : ri i l l r3i:ffi;:[] I
;  +i ++ SN.crc 

I  --" '*"s'  
,  

tn1 20 ..  i :cer I  
-- '*" ' '  

I

() -,7ì ti S*.crc ri i,. i ,,,1,-] 
l l - \ails Griset>ful' inl() t0 {; ^\locicrarc riri., runqi, qrrsscs "', if i : 

- \ails Gnscrfu6..in
|  Ì  i r ìl  l  5 A  l q  

' ! r r L s '  r u r r 5 l r  q r Î s : i c s  Ó 7  i  3  -  p , , , , ,  
. . "  ) ! \ ' r u r !  r r r

,1  Scvcrc Gr lss.  funqr  l5r )  r  
I ìcct  Clorr imazolc

r -  )  )  l t )  \ l o d c r e r , .  \ . { i r , , "  
'  :  -  F c c t .  : r o i n  ( ì n q , r r i ì , r , . ; ^

lCiorr imazr  r lc  . ls  r  ) tn  imcn r i  . i l r r rcr  r  I  u  iv in  .grvcn,r r l i  l rt  R c s p L t n : C  =  s u i l t e c : l \  c  . t s \ c s \ m c n t  , , ,  , n r n a , , r " r r r . n ,

Asthma

1989

antibodies were



Bronchia l  chal lenge

,\'faximum
fall ('/ìt

a
+ +

+ +
î
Ì
-
:

+ +

+ +
r - +

:
+ +
+ -i-

'r-HE LANCTE-I-, APRrL 22, 1989

' fAI lL I i  
I  i -  RRO\CH t . \L  PROVOC.ATIoN Vr l ' l -H 

- l -R 
I  ( lH()PHY-Ì - ( )N

i2 patients did not have bmnchial provocation: patient 8 has ncver had FE,V,
over 50%o ofpredicated and patient 9 rvas unavailable.
Itl x 8 mm rvheal 1i min after intradermal rcsring.
ll'atc phase responscs rvcre assesscd by repeatcd peak flow mcasurements
over 72 h: + *, > Ii'Ì'; reduction; + , ;, l0"l'l and +, 5-l0u/o rcduction.
s\Positive histamine provocation: >20')/o lall in F'EV, to I mglml or more
histamine.

Nasal Proxocation
\il4ren tested b-v double-biind nasal challenge, 7 of 8

patients gave a positive reaction in one or more of the four
values recorded. The patient without any nasal symptoms
after challenge (patient 9) had a bronchial reaction with a
10% fall in FEV' after nasal challenge wirh l0-3
trichophy'ton extract, which precluded further nasal
provocation. The following significant differences were
found between placebo and active nasal challenge with l0-2
extract (paired t test): nasal peak expirarory flow (p < 0.01),
sneezes (p<0'01), secretion (p<0.01), and congestion
(p < 0 05). The difference in total nasal score berween
placebo and trichophy'ton 10 2 exrract challenges was also
significant (ftg2).

Delayed and Late Resporses

Studies on late bronchial reactions were restricted
because 8 of the 10 patients who were challenged required
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Fig l -Bronchia l  provocat ion wi th t r ichophyton ext ract .

Rcsui ts  l t rc  shrxrn t ì r r  r r ichoohJton scnsi t ivc r rsrhmat ic  pat icnts  no J.  J .

rund t r ;  opcn svmbols mJ l 'or  I i  ccrnt ro ls  mcm ISDl  c losed crrc lcs .  Pr t icnts
* 'crc  t rcatcd r r ' i th  sa ibutamoi  '  to  rcvcrsc bronchospasm.
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T r i c h o p h y î o n  e x î r o c î  c o n c e n t r o î i o n  ( w / v )

Fig 2-Double-blind nasal challenge with trichophyton in 8 patients.

Patients were challenged with serial dilutions of trichophyton (solid bars)
or placebo (hatched bars). Significant difference benveen corresponding
placebo step and activc challenge: *p < 0 05 and t*rp <0'001.

regular treatrnent for asthma. However, seven of the positive
provocations were followed by a persistent fall in peak
expiratory flow for 28-4.8 h. Only I out of 1:l controls
responded similarly. Delayed skin responses to
trichophyton are corrunon in adults, and 9 of 11 controls
showed 8 x 8 mm of induration and er!'thema at24h.In3
controls induration and erythema were 10 x 10 mm by 6 h.
Only 2 of 9 patients showed 8 x 8 mm induration at 24 h and
7 of the patients showed no detectable (ie, less than 2 x 2
mm) skin reaction at24or 48 h. These results confirm that a
positive immediate skin reaction to trichoph]'ton is often
associated with an absent delayed reaction.lG12'ró There was
no relation between delayed skin responses and delayed or
late bronchial responses to trichophyton.

Discussion

Trichophy'ton infection of the skin or toenails is common
and in many adults delayed h.vpersensitiviry to this antigen
develops. Indeed trichophy'ton is routinely used in a panel
tbr testing for delayed hypersensitiviry or for producing
T-cell proliferation in vitro. Immediate hypersensitiviry to
trichophyton develops in about 5o/o of individuals and the
association rvith urticaria, astirma, and rhinitis has been
obsen'ed among this group.8 The development of T-cell
sensitisation is '"videly assumed to be secondar-v to
absorption of antigen through the often ulcerated skin, and
the production of IgE antibodf is probabli' induced by' the
sarne route. Furthermore the association with urticaria
sùongly suggests systemic absorption since rhe inhalation of
afìtigens is an unusuai cause of urticaria." s t 8 Because of the
r.rnusual routc of scnsitisation and thc doubts about rhre
specifìcity of hypersensitiviry to trichoph]'ton we fèlt it
essentiai to establish rhat the ainvays of our patients were
indeed sensitivc to trichophvton. Specificiry of these
responsÈs rvas supported bv rhe lack rtf rcsprrnsc in paricnts
rvho r.r'ere skin test negatrve. includLng asthmatic cases, the
abscncc- of rcsponse of thesc patients to sevcral other
antigens, and, rn 6 cases. the absence of skin responses to anv
of a pancl of sixteen fungi r,.'hich commonlv give risc ro
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sensirisation. Recent work in our laboratory has furrher
supponed this view by showing for three sera that less than
10% of the IgE antibody to trichophyton could be absorbed
with either altemaria or aspergillus immunosorbent @.
Deuell, M. D. Chapman, and T. A. E. p_M, unpublisheà).
We now feel it unlikely rhat the IgE antibody ro
trichophyton found in the serlun of thesà patients can be
explained by cross-reactiviry with other fu"gi.

Only a small proportion of patients wirh asthma have
immediate skin sensitiviry to trichophy'ton. of 102 adults
treated in a hospital emergency room 66 (65%) had IgE
andbody to at least one conunon inhalant antigen and onl| 2
had detectabie serum IgE antibody to trichophyton.tt
Among asthmatic adurts referred to the univeriiry of
Virglnia outpatient clinics, trichophyton skin resrs are
posirive in about l0% of patients. Rackemannt8 drew
aftention to a group of patients with rate onset, usuallv
severe) asthma, often associated with nasal polyposis anà
eosinophilia.ls 4 of our patients (no 2,3,7 , artd, fiiwould in
most clinics fit the criteria for "intrinsic" asthma. our
resuirs raise the question whether other fungi growing on
skin or mucosal surfaces(eg, Aspergillrc or C"Aaasppican
give rise to similar sensitisation and disease.1e2' t" aiÉrglc
bronchopulmonary aspergillosis it is assumed that funfr:s
growing 

T,h.lung sensitises and inflames the lung Uy tJcat
exposure. However, in this condition, the fungus can usually
be grown from sputum.2r rhe relevance of our observations
to the management of asthma depends on whether
trearmenr of the fungal disease will help the asthma. our
experience has been encouraging in that we have now seen g
patients where antifungal úeatrnent has produced an
improvement in symptoms with reduced requirement for
treaùnenr andior improved function. The queÀtion whether
antifungal drugs should be used in these patients is made
more interesting by the recent introductionàf-o.. effective
azole compounds.22:3

8 of our patients had a history of persistent nasal
symproms and 5 of them had had chronic rhinosinusitis
requiring nasal surgery. In 6 cases the nasal symDtoms
preceded asthma by r to l0 or more years. The doutl.-bli.rd
nasal challenge showed that their noses were sensitised to
trichophyron- These observations suggesr that trichophyron
sensitivir.v can give rise to chronic sinusitis with or *ithour
pollps. Again we assrune that the antigen is absorbed.
However, two other routes of exposure are possible: the
antigen could be inhaled from floor dust, as reported for
chiropodists, or the antigen courd be present in rrre nose. Alr
the patients who were challenged nasally were also culrurec
for fungi and their secretions were examined
microscopically for hyphae: no e'idence was obtained for
Iocal growth of trichophyton in rhe nose, and no abnormal
mucosai iesions were observed.

A srriking fearure of our patients and of intrinsic asthma is
the presence of persistent eosinophilia.ls Current
understanding of eosinophil production from the bone
marrorv suggests that the most likel-v mechanism is
production of eosinophil diffcrentiation factor (interreukin-
5) bv T cells.rl ù{ost patients r.vith immediate
hrpersensitivitl ' to trichophy'ton ha'e lirtre or no delaved
skin response, and it seems iikcl'thar thc T_cell r.rp,rnr., t,,
rric^hophi,'trn in patienrs '",,.h,i make IgE antibò,lies is
diffcrenr fiom that in most paricnts rvho have delaved
h'persensitir,'iw onlv.ts rhus rhe narurc rf rhc T-Lell
response ma' inrluence both rhe isory'pe rrf the antiboclv
rcsFonse and rhe prcsence or lbscncc ,it:cosinophilia.

THE LAlicET, AIRIL ZZ, rcLg

Individuals who acquire immuniry ro trichophy,tgn
antigens generally make either a delayed hyp.rt..tìiriuiru
response or an igE antibody response. Rhinosinusitis
and/or asthma develops in some individuals *rro n"uì
immediate hypersensitivity to trichophy,ton, and thesi
patienrs' airways are specfically sensidsed to trichophyton.
our results suggesr that adults with percnnial asthma,úouij
be examined for signs of fungal infection 

".ra 
t.rt.o tJ

evaluare immediate hypersensitiviry to dermatophyl!
antigens. Furthermore our clinical experience r"gg.r,r,h.i
specific antifungal rrearmenr is both safe and uenenciat in
this group of patients.

_ This srudy was supponed by NIH grant A120565 and RRo 0g47 General
clinicai Research cenrer. G. K. is the recipient of grants from the s*.Jiri
Medical Research Council (KSg-l7F-g419_01), the Swedi:sh fvf"Joi
Associarion, and the Swedish Socier_v of Nledicine.

correspondence should be addressed to T. A. E. p-.\,i., tlivision of ailergy
and clinical immunology, deparmrent of inremal medicine, universiry if
Virginia, Charlonesville, Virginia 2290g, USA.
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