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Rochestar ,  Minn. ,  San Frut t t t . ; to .  ( 'u l i l ' . ,  tu td Atne.s und lox 'u Ci l t ' ,  lov,n

With an inununochernital methril, \e dtÌul\:.d (ìutdoor uir xntltles tluring, u 3-),eur pcritxl .lor
(on((nt rat ions oJ the predtmint tnt  l rnu l  sp. t  i ( \  o l  l ro t l1 ,  Pseudulet ia  unipuncta lHur t ' r t r f l t ) .

A i r l ; rn 'ne pur l i t  u lu les *ere t r t l le t le t l  or t  . f t l t t ' r ,q lu : .s . l r l tLr  .sheet .s  x ' i th  an Accu-Vt t l  ,suntp ler  Io tu led

1.5 u ubr tv  ,grounl  on t l te  . \ t )u t l tad. \ tarn lv l i r t r t t ' . t r t t t t  pnt i r i t ' .  [ ' r l t t ' r  r lu t t t t . t  t tnu l . t :e l  b t 'RIA

inhih i t ion utntu incd ( ) tk 'enî rut io t ts  r l  noth l t ro t ( i t t  l t ( 'dk inq rn. lune und Au,qu.st  to  Sepîcnlvr  r t l

cach t,ertr, with lalt' l.s t ornltoruhlc t() tclt()rted inununtrclu,ntitLtll.t ncu.surr,d levels ol pttllt 'n

unt l  nut l t l  t t l lergcns.  T l test 'p t 'uks d ls( )  ú) t raspotr< l t 'd  r . ' i t l t  to t { t l  numb(rs t t l  noths Luplure l  i t r

l ight  rnt1t ,s .  Mot l t t t l l t ' r .qen r r r '1 l t ' l t l  x r is  l is t r i l tu tc l  in  lur t ic le  s i : t ' : ;  ran,q ing l ion 0.8 l ( ,  . : '4 .1 pnl

rlten .;i:ed .:rtntltles wer( obtuin('d l)\' us( (ìl dtt ArnlL'rst,tt irrsrr/r/r' irrtltt:tt tion Iteul . l lt RIA

inhib i t ior t ,  there vus cntss-rca<t iv i t t ,  b t ' t r t ' t ' t , t t  P.  unipuncta and i t tset t . t  t l  d i l l?rent  g. (ncru,

lumilies, onl order.t, but not n'ith pollrns rtr mol1l5. ft1v6'-.1r'() l)erc?ttt ol 257 putients n'ith

intnrcdiutc lt)sitit 'c.rkiil terlr lo uùnnlotr uentttllcrgut.t hud ltrt.sitiIc.ilrrr /c.rtr I() one or ttlore

comnterc iu l ly  ut 'u i lub le rhole htu lv  in . \ ' ( ' ( t  e- \ t ru( ts .0.1 120 pat iant . t  v i th  u l lerq ic  rh i t r i t is  bc l iewd

trt lte printurilt ' ttruscd bt rugtlced.ral.rltl l l l.r,, 5(/c ulso hatl elcyLtttd speci.fic lgE lo ntrtth.s. We

toncludc thut oirfutne (otrcentrutions ol Lepidoptent ct:tn be nrcusurctl imnunttchenticallv

unl  î l ru t  moths nutv fu  dst 'usot tu l  u l lcrgcn in  thc Uni ted Stute: .  (J  ALLI- .RI I  CLIN IMMLtN(tL

I 9Íiit :E2 .17 -54 . )

Moths and buttcrfì ies (order. Lcpidoptera) have

long been suspected to cause inhalant al iergy on an

occupat iona l  as  we l l  as  on  a  scasona l  bas is . rT  S l tcc l
part icles fronr thcse insects arc casi ly airbornc, but

unl ike pol len grains antl  nrold spores, they havc no

specifìc nrorphologic charactcrist ics. A rcccntly de-

scribed techniquc of high-volunre air santpl ing hls

Abbrcviutiotrs u.sed

RIA:  Radio imtnunoassay
' IAW: ' l - rue 

arnryworrn (Pseudulet iu  ut t ipunt tu

l H a w o r t h l )
WHAW: Whcat-head arnìywornl (l 'untntu tli lJitstt

l W a l k e r l )
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Ag r i cu l t u ra l  Resea rch  Se rv i ce .  C -o rn  l nscc t s  Rcsca rch  L ln i t  and

Jou rna l  papc r  No .  J -  l l 2 . l 9  o l  î hc  l owa  Ag r i cu l t L i r c  l nd  Hon rc

Econon r i cs  [ l xpe r i n r cn l  S ta t i on .  An tcs .  l owa .  p ro iec t  25 , ì 1 .

Rece i ved  f o r  pub l i ca t i on  Ju l l  I  l .  I 9 l t 6 .
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proved usefi l  in detecting amorphous aninral and in-

scc t  a l le rgens , 'and K ino  c t  a l 'have used th is  tech-

nique to measure insect aeroal lergens in Japan.

Perlman' found many years ago that a largc per-

centage of patients refèrred for skin test ing were sen-

sit ive to a variety of insects; further studies in lndia" '

and Japanr r  have had s imi la r  resu l ts .  Hundreds

of ntoth antl  butterfìy sPccies are found in the

Unitecl States, many in associat ion with agricultural

sett ings, but thcir role in scasonal al lergy has not been

s tud icd .
We attcntpted to lueasurc outdoor air c ' ;uanti t ìes of

nloth al lergen in the upper tnidwestern Unrted States
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by cornparing the air-sanrpl ing techniquc dcscribcd b1'

Agarwa l  e t  a l . ' t  w i th  counts  o f  insec ts  co l lec ted  in

blackl i-sht traps. Thc prcvalence of nroth respiratory

al lcrgy was cxanrined by screening patients rel irrct l

lbr al lcrgy skin test ing fìrr cvidence of specifìc lgl i  t tr

nroths by epicutancous skin test ing. Storcd scrunr

f iorn paticnts with al lergic rhìnit is considered to be
prinrari ly caused by ragwee d were analyzed l ìrr ntot lr-

spccif ìc IgE by RAST.

MATERIAL AND METHODS
lnsect capture

Light traps. which have bccrl  denìonstrr lcd lo be an cf-
fcct ivc nrcthod to capturc nocturnal insccts. ' '  ' '  were uscd
to capturL' nì{}ths at thc lowa State Univcrsi ly Rescarch
frarm, Ankcny. [uwa. Insccts wcrc c() l lected dai ly in a rural
area t lur ing thc grou,ing scason of I9tt4. groupcd into l0-
day intcrvals. and idcnti f ied according to spccics by two of
thc  au t l ru rs  (N.  D.  P .  and W.  B ,  S . ) .

Preparation of extracts
'fwo of thc rnost comm()n nocturnal moths that are found

in this region. Pseudulal ia unipunL'tu f  Haworth) {conlnlon
nanre. IAW) and Funntu r/illlsc (Walker) (conrnron nanre.
WHAW). were uscd to prcpare extracts. Dcatl  insccts wcre
quick frozen over l iquid nitrogcn and dry icc ancl then ly-
ophi l iz-cd. The dricd insccts were r lcfattcd rn ethcr and thcn
pulvcrized and cxtracted overniglt t  in a I :20 wt/vol con-
centrat ion in 2(X) mnrol/ l-  of antmoniunt bicarbonatc. Afier
extraction, the spccinrens wcrc ccntr i fugcd, antl  thc rcsult-
ing supemîtants were steri l iT-ct l  by passing through ().22-

pm Mi ì l iporc  f ì l te rs  tM i l l ipore  Corp . .  t scd l ì r rd .  Mass . ) .
Alter addit ion of an equal volunrc of glyccl in. thc extracts
wcrc stored at 20' C. Protcin deterntinlt iotrs wcre per-
fbrnrcd wrth thc nrcthotl  descriLlct l  bv Lowrv et al. ' ' '  An

J .  ALLERGY CL IN ,  IMMUNOL.
JULY 1988

c x t r t c t  ( ) f ' l . A W  $  i n u  . c l i c ' .  \ \  J .  : :  , ' .  ' i . i  l t l  l h c  s a t t t c  l a s h t t l n

but  was t lcvoi t l  o l '  Pt ( r t . tn  ; t ' ' J  R \ . - t l  : ' t t r  l l ) ' :  l t  was l l ( ) t

uscd f t r r  acroal lc ' rgcn \ lu ! l i ! - .  C : : : : : l - ' : . , r1  nroÎ l r  (  r l l ixcd l / r l -

c t  ( , ( t ru  sp.  ) .  \ 'c l l ' ì \ \  . luc i 'c l  \  ,  . "  ,  . ,  ' i t  and Dr. t l ic lnves-

7 r r l a  s p p . ) .  s l ì o r t  r r r $ c c J ,  ì , '  " , ,  . , , . : ' t t u t t í t . l r t l i u  L . ) .  a n d

A I  t  c  r  nu r i  u  cxt ract i  \ \  e  rL '  I r r . r  : .  i r . : \a . , '  :  : : r  ( i  rccr  Laborator ies.

Lenoi r .  N.C.  Cìe rnt . in  g, r . i . r . ' : ' : :  i ;  ' . : ;  , t  ter tn t tn ico L in

r r a c u s ) .  n r t ) t h  ( t t t t r e d  H , i r / '  .  r ' i . :  . : :  .  b u t t c r f ì y  ( R l u t ' . l t l -

o ( c r ( c  s p p . ) .  c a t i d r s  l ì 1  t / , , . ' ,  ' , .  . .  . i i  J .  s n c l  r l e  g r a s s

(Lol iun sp.  )  ext racts  \ \  c i ' r -  n ! :a  i . . : .  j , :  : : , ' rn  [Jo l l is tcr -St ier .

S p o k a n c .  W a s h .  N { Ì d g r ' ! ' \ t r a ! l ' ( '  J  / '  1 1 \  p / t t r t t t r s t t s )  w a s

p r o v i d e d  b y  D r .  S t * ' c '  K a g r ' n .  . \ i ; . : 1 , ' r .  \ \ ' r : .

Air-sampl ing technique

A n  A c c u - V o l  ( G e n e r a l  Ì \ l c t a l  \ \ , , r 1 . .  l n ; . ,  C l e r e  s .  O h i o )

h igh-volurne a i r  santp lcr ' '  locatcd i  i  n l  , ' i r ( r \ .  i . : r ( )und on

the southeastern Mir rnesota pra i r ic  r r  a :  u 'cd l  l t t :  sanrp lcr

was locatcd approx i r la tc l l '20()  nr i lcs  nor îh o l  thc i r laek l ight

t raps in  an area wi th s i rn i lar  agr icu l tura l  leaturcs and c l i -

matc.  A i rbornc par t ic lcs were col lected on f i  Lrv  l0- inch

f ìberg lass f ì l ter  shccts in  l9 tJ3.  I98 '1,  and thc l i rs t  ha l f  o l '

1985;  f ì l tc r  sheets were changcd every 3 da1's .  At ìcr  Junc

l9t Ì5 ,  po ly tc t raf ìuorocthy lcnc f i l tc r  sheets were uscd:  thcsc

sheets were changcd t la i ly .  Thc sanrp ler  was run cont inu-

o u s l y  a t  a  l l o w  r r f  L  l 7  n r ' / m i n .  [ n  1 9 8 ]  a n d  1 9 8 4 .  s a r n p l c s

were taken dur ing the sunìnìer  and ear ly  fa l l  months only :

sanrp lcs were takcn dur ing a l l  l2  n ionths of  198-5.

An Atrdcrscn cascadc (Andcrscn Products Inc '  At lanta '

Ca.)  inrpact ion hcad,  which separates col lectet l  par t lc les

into l ìve-sìze categtr r ies of  nrean aerotJynanl ic  d iantetcr

bctween 0.3 and -5.0 prn,  rvas used on selcctcd sanip lcs

to dctcrnr inc which par l ic lc  s izcs c t tn ta ined a l lergcnic

a c t i v i t y .

Ai r - f ì l tc r  sanrp lcs werc processed as prcv iously  dc-

scr ibcd. ' '  [ ì r ie l ìy .  one quar ter  of  cach samplc was e lu led

dur ing 8 hours wi th l (X)  nrnro l /L  of 'an ln loniutn b icarbt tnatc
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F l G . 2 .  A i r b o r n e  q u a n t i t a t i o n  o f , T A W  a l l e r g e n  w i t h  A c c u _ V o l  ( G e n e r a l  M e t a l  W o r k s ,  I n c . )  a i rs a m p t e r  a t  a  f l o w  r a t e  o f  i . 1 7 , . t r i n  f o r ,  f  d J i ' * u r , * . n . . , " r ,  M i n n .

buffcr; the result ing cluarc was lyophil ized ancl then rccon_sr i ru rcd  in  1 . .5  ml  o1  0 .5  n ro l / l_  , , r .  pnurpn" ì . 'n r i r . I .  
"nUkcpt at -20" C for up to 2.1 nronths unri i  , t  *rr-, ,r ,uy..t' l 'hc 

rcmaindcr of rhe air l r l tcr was .averj l ì ,r  lutuìc'-r,uu,.r.

R lAs

. -'lb 
perfìrrm assays for thc. detennination ot rntfh_spccilìc

IgE. polystyrene nricrtrr ircr r, . l t ,  r t ,rrnrui, ,n i i , 'Ort"r".nLaboraror jes ,  lnc , .  A lexandr iu ,  v r . l  * . , .  . . l r ì .u í1 in , , ,np.l  ofcxfract at a protein concentrat ion of l0 pglnrl  Jtturedin l0{) mnrol/L of socl iur l  bicarbonare n"n.. i?i ,r , , i*  *, ,n100 nrnrol/ l-  ol- sotj iunr carbunarc ro pH u.:.  eì i . ]r" iu.u_bating ovcrnight. the weljs wc.rc u,ashcd t lrree t irncs u, i lhRAS'f wash (phosphare buff cr and fV."n Zfl f  .-Unor_cLrprcdbint l ing srtes on the well :w i rrt ( t. 0 l 7r r,, n,. n,.,.u,,ì' JbT,,.l ìi :l',T:i1.j:i;.1,,i:::S t .  L o u ì s ,  M o . ) .

^, 1^,::i:l lf:,anribody 
ro nrorh ailcrgens was perfìrrnrc<j

: )  ,1n:unr , ,n f  
-50 p l  r r l  pr r ienr  scrunr  rv i th  equai  ,n , , , rn , .

: ' ;  1 . . .  
n , , . ,  

, L  
{ , t  p h o r n h a t c  h u l l c r  U r c r n i l r h l  i n  r r r i t . r 0 ( i t c rp j i r tc \  co i l t ! .d  u i rh  IAW cxrract  and thcn waih ing thr" .  r in , " ,wrrh R.AST r \ r5h One huncl ret l  nr icro l i rers  

" i  
i i ; i_ùU. , . . r

ant ihunrdn lsE qa:  adt ie i l  to  each wcl i  an, i  incubateJ lu"r
nrght .  . { i lc r  ua.h jng rhrce t inres wi rh RA.ST *" r f , - .  . r .nsampL'  \ \  r \  ur ìuntct l  for  Lround rat l ioact ivr ty  t ì r r  I  rn inutct rn a Pael r l rJ  rpai lar t j  ln \ l runìL,nt  Co. ,  I )owners Grovc,f l i .  )  g a n r n t a  . .  r n t r ] l l l i o n  c ( ) u n r c r .

A i r - l i l t e r  c l u . r i r - .  $ c r c  l n a l ! z e t l  b v  c o n t p a r i n g  t h e  t l c g r c eof  rnh i  h i  t  r , 'n  r , i  f , r  nd r  nr : , , f  rn , r rh-spc. i r  f  ic  f  ó  t ,y  i , ì . i  . f  r ' r r . .' Ihe 
spccr i i ,  I , i l -  . , ,urec \ \a \  a  serut ì ì  pool  t ic r ivcd fnrnt  f ì rLr ri n d i v r d u a t .  , c l . i t ! . ú  t ( ì r  t h L . r r  h l g h  R A S . f  v a l u e s  k r  T A W( o a t a  n ( ì t  p r r . . c R i r , j  I u o  p . r t i e n t s  f . r o r n  R o c h e s t e r .  M ; " . .

had sunrrncr  ant j  fa l l  rh in i t is  ancl  posi r ive RAS.f .  to  
. lAW.

' l 'hc 
other  two pat ients.  in  a<jd i t i ru  to  sunl r r ìcr . rnd fa l l  rh in i t i s ,  a l s o  h a d  r h i n i t i s  a s s o c i a t c c l  w i t h  s w a r n t s  o f . n r r c t g e

(( ' .  p lumosu.s)  in  Wisconstn ant l  hac l  posi t ive RAS.I  anclsKrn tes l  k l  midgc.  as wel l  as posi t ive RAST to TAW (sera
prov idcd by Dr.  Sreve Kagen).  None were c l in ica l ly  sen_
si t ive to  inscct  venoms.  nune hacl  L , .an ra.aru i , lg" in , rnu

l l , ,n :* fy  
of 'any k inc l ,  ant l  none haci  f icquent  exposurc rolnsects ut  thc i r  occupat ions or  hobhics.  . fhc 

l r ro th_al lcrgen
content  in  each santp lc  was calcu l i r tcc l  b1,  cc,ntpar is , ,n  wr th
a standard inh ib j t ion curvc o l .known protc in c , rn.entrut iun,
of  nroth ext ract .  T 'hc sanrc RIA tc ,chr i iquc o," .  ur . r . l ' r ,  u . ,scr ibet i  in  the prev ious sect ion.  . l .hc 

l ì r l lorv ing. , lu , ,J , ,n  u, r ,
used to deterrn ine nroth a l lergen . , ,n . "nrrnì inn pcr  cublc
mcter  of  a i r  sarnplcc j :

Arrbornc moth a l lcrgcn[( r r ! ) / rn , ]  =

Tota l  nr t r th  a l lc . r -gen /  a i r  santp lc
lo{a l  a i r  uu lu,n.  , r , rpù-_

Skin testing

Epicutaneous skin testir
n,erhod on 604 consccuri ve.rfi,,ni-t:,l'ff i,:Ì-ll]ì.:l;i
::j::".Y:1" 

C'linic Alìergy rcsrins Laborarory r."r;;;; *,,,perlormcd rnry i I  paticnts hrt i  n.t  takcn anti i r isranrinis t .rnìore than 24 hours, had nopr.ick. and ar rcasr a, 0"]',",TT;,:.:Jfiffi::iil:fl
with l larc  kr  -5 mq7rn1 of 'h is tanì ine phospharc.  Inc lLrc ld inthc sk in 

. test  
bat tery of 'conìnron acnla lL, rscns wcrc rwocctmnrerc ia l  whtr le  bot ly  l rorh ext racts  tGrec,r .and Hol l is rcr -

5 l ler ) ,  but ter f l .y .  cat l t i is  l ìy .  anc l  cockr .oach t , , l l  ì ì , , , , , ,
H o l l i s t e r - , S t i c r )  a t  |  :  l ( )  w t / v o l .
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RESULTS
Ligh t  t rap  capture

The highest nuntbers of moths werc captured in a

bimoclal distr ibution with peaks in early sutnnrer and

early fal l  (  Fig. 11. TAW and WHAW were two of the

nrost comlÌìon insccts col lected during this period.

together cornposing 307o of the Lepidoptera col lectcd,

and were predonrinant in early sunlnÌer.

A i rborne  Lep idoptera  a l le rgen concent ra t ions

T'hc airborne concentrat ions ol part iculatc TAW al-

lergen wcrc deternrined by RIA inhibit ion ol 'air-f i l tcr

J .  ALLERGY CL IN .  IMMUNOL.
JULv  1988

c lua tes  dur ing  the  years  l9 t ì3 .  1984,  and 1985 (F igs .

2, 3, and 4). Moth al lergen peaks were denlonstrated

in  June th rough October  in  l9 iJ3  and 1984.  Ana lys is

of '  1985 demonstrated similar peaks, with low con-

centrat ions mcasured during winter and early spring.

increasing concentrat ions through the sunrnter, and

peaks in late sunlmer and early fal l .  Thcse data cor-

respond to the l ight trap capturc nuntbers for 1984.

Much higher concentrat ions of TAW were found in

198-5 us conrparetl  to the previous ycars.

Cross-inhibit ion studies performed with thc same

four-member serunr pooI dcntonstrated signif icant

I

' d 7

= 6
o)
c

i' 6 4

o
o- .,

3 c

F
1

0

I

B
' (g

O

= 6

3

i
o 4

o_ \t

B r
F

1

0

Sampling period

t---_-l

F l G .  3 .  A i r b o r n e  q u a n t i t a t i o n  o f  T A W  a l l e r g e n  w i t h  A c c u - V o l  ( G e n e r a l  M e t a l  W o r k s ,  I n c . )
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cross al lergenicity arnong TAW and other insecrs. Ex-
tracts of TAW, WHAW, as well  as commercial moth.
vel lou lacket. and cockroach extracts, cross-reacted
( Fi_es. 5 and 6). Two control extracts, Alternaria anrl
rye _sri \s. as rvel l  as short ragweed (data not Dre_
\cntL.J,.  JrJ n.rt  cross-rcact, The conelut i0n auètf i-
cient : t ,r  each RAS]'- inhibit ion curve was >0.9g.
ni i [  3-,1;1ir rr i th inhibit ion values between l5Vo and,
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- . 1 . 0 0  - 0 . 5 0  0 . 0 0  0 . 5 0  1 . O O  1 . 5 0
Log,pg

FlG.  5.  RIA inh ib i t ion wi th rAW as sol id  phase and inh ib i tors  of  rAW, WHAW, a commercra l
moth ext ract ,  rye grass,  and At ternar ia  wi th a serum pool  of  four  pat ients wi th summert ime
rhin i t is  and a posi t ive RAST to TAW.

O True armyworm

A German cockroach
I  Y e l l o w  j a c k  e t
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FlG.  6.  RIA inh ib i t ion wi th rAW as sor id  phase and inh ib i tors  of  rAW, cockroach,  and whore
body yel low jacket  wi th  a serum pool  of  four  pat ien ls  wi th summert ime rh in i t is  and a posí t ive
RAST to TAW.

857o. Lr-r-eit transformation of this data revealed similar
slope rat ios for al l  l ìve curves: TAW, l .-5.1; WHAW.
1.86; commercial moth extract, 1.35; German cock-
roach, 1.78: and yel low jacket, 1.64. The slope rario
of a ni idge-extract inhibitor (data nor presenred)
was L 14. Comparison of paired slopes yielded
the fol lowing p values: TAW-WHAW. 0. l4; TAW-
conirnercial ntoth, 0. l8; TAW-Gernran cockroach,

O True armyworm
a Wheat  head armyworm
  Commercial moth
E Rye grass

I  A l te rnar ia
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TABLE l,  Percent of TAW allergen activi ty in

a i rborne  par t i c les  o f  de f ined s izes

Date of  sample July  4-7,  1985

o/o TAW % WHAW

TABLE 11. Skin test results

J ,  ALLERCY CL IN .  IMMUNOL,
JULY 1988

> 0 . 8
0 . 8  t o  1 . 4
L4 to  2 .3
2 . 3  r o  4 .  I
> 4 . 1

3 . 3
_ 1  ì  <

3. '7
I  8 . 2
3L2

2 . 6
3 8 . 8

t . 9
1 2 . l
u.1

' lbtal patients testcd

Posi t ive tests  >2 ext racts

Posi t ivc tests

Insects *

( l -5 posittvc)

-5 positive

4 posi t ive

3 posi t ive

2 posi t ive

I  posi t ive

Sh()rt ragweed

Alternaria

Miscc l laneous grasses

60.1
257

l16 (459a)
3 2  ( 1 2 % )
t7  ( "7%)
13 (57o)

16 (6Eo)
38 (15%\

129 (501o1
82 (32o/ol

122 (48Eo)
0. I  2 I  TAW-ycl low.jacket, 0. 32t ancl cockroach-yel low
jacket ,  0 .40 .

Part icle size

TAW allcrgenic activi ty occurred ìn al l

sizes, ranging frt lnr {0.5 to 5.0 pm, and

clonrinant in partrclcs between 0.u and 1.4

i4. I  pnr (Tatr lc I) .

Skirr test results

Six hundred four patients with a variety of cl inical

s)'lllptollls underwent epicutaneous skin testing to a

battery of inhalant al lergens as part of their cl inical

evaluation at N4ay,o Clinic. Negative results were ob-

tained in 347 patients, including 46 patients with only

one posit ive test (wheal size >3 by 3 nir).  Ot 251

patients with posit ive rcactions to two or more al ler-

gcns, I  l6 (45Vt) had posit ive reactions to one or more

of the f ive inhalant insect al lergens tested. Only f ive

of these patients reactcd to only the insect ext l 'acts;

nonc of these patients had received whole body insect

immunotherapy, and none were seusit ive by l t istory

to inscct venorl ls. None had occupational or a recre-

ational exposure to insects. Approxinrately the sanle

percentage of 'patients reacted to extracts of othcr com-

mon aeroal lergens of this region (Table l l ) .

RIA results

lìlA of lgE to TAW was positive (defìned as counts

per rrrinute >100o/o of control value) in 5o/o of l2O

patients with ragweed-al lergic rhinit is whose serum

had been stored after use in a previous study.

Labil i ty of extract

l'he TAW and WI{AW extracts stored at - 20' C

appeared stable during an 8-ntonth period. There was

no change in binding of the serum pool during this

t inre (data not presented). Lowry protein deternrina-

t ions of the TAW extract were 5.37 and 5.07 mg/ntl

in freshly prepared and 8-month-old extracts, respec-

t ively. The WHAW extract yielded protein concentra-

i ' l \ , f t lh. Holl ister-Stier and ( irecr Laboratoriesi cockroach. caddis

lìy, and butterl ìy, al l  Hol l istcr-Stier.

partlcle

*ìr;  pr.- t ions of 8.29 and 8.52 nrg/rnl fresh and afìcr t l

pnr and months, resPectivcly.

DrscussloN
The role of Lepidoptera in seasonal al lergic synrp-

toms is less clear than their rolc in occupational set-

tings. Perlmanl tbund that 507o of patients referred

for al lergy evaluation had posit ive scratch skin tests

to a variety of whole body insect extracts. Shivpuri

et a1.." '  who studied inhaled insect al lergy in more

than 1000 patients in India with respiratory allergy,

found that >25o/ohad positive skin tests to moths, as

conrpared to 1lo7o for control subjects.ro Kino and

Oshima" demonstrated that more than half of a group

of 6ó patients in Japan with asthma had posit ive skin

tests to moths and butterf l ies, and approxinlately one

third had posit ive bronchial chal lenges.

The study of 'moths as seasonal al lergens has been

hampered by the lack of a method to quantify airborne

insect al lergens. The technique of measuring airborne

allergens by RAST inhibit ion of eluates obtained on

high-volume air samplers as described by Agarwal

et al.r2 is ideal for the study of amorphous insect

aeroal lergens. Ostrom et al. ' t  used this technique to

measure indoor whole body honeybee airborne aller-

gens in a honey-packing plant. Swanson et al.8 was

successful in measuring indoor cockroach and n.rite

airborne al lergen concentrat ions. and Tee et al ' r8 have

dcscribed the intrnunochelnical measurement of air-

borne housetly ul lergens

Kino et al." uscd a similar immunochemical tech-

nique to nleasure si lkworm wing' caddis f ly wing' and

chirononrid uhole body al lergens in the atmosphere

in Kyoto, Japan. during a period of 1 year. Airbome

concentrat ions of insect al lergens reached peaks in the

sorins and fal l  and reached unnleasurable levels in the
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winter. The aeroallergen levels measured for the three
lnsects \ : ! 'ere similar (ranging between I and 9 ng/m]
for much of the spring and fal l ,  with a single peak of
l8 ng, 'm' for chironomid in October). The possible
cross-reactivir!  of these spccies wes not addressed.

TA\\' and \\'HAW are pests of corn and othcr crops
in the midwestem United States. Like most Lcpidop-
tera, thel are nocturnal insects. Light traps are good
indicators of mtith presence bccause they wil l  attract
the insects lrom nei-ehboring areas. Al lergens l iom
these insects nrieht becorne airborne through several
means. The scales trom these rnoths are easi ly air-
borne and could be released into the atmosphere t lur-
ing f l ight or *hen parî icles frorn deacl nroths are dis-
persed dur ing  acr iv i t tes  in  the  l ìe l t l s .  such as  dur rng
cu l t i va t ion .  Windr .  dn  *ca thc . r  wou ld  appear  to  en-
courase dis-semination of inse-ct acroal lergcns.

Wc used rrhole bodl extracts in our aeroal lergen
quantl tatron studies because our scale extracts did not
contain antigcn. Hou'ever. i f  our hypothcsis that dead
rnsects in the stt i l  reenter thc atntosphcre is truc. thcn
whole bodl 'antigens are not irrelevant. Indeed. ntajor
aeroal lergens from two other arthropods, the dust
mitere and the locust,r" c<lme from the gastrointestinal
tract and not the exoskeleton. Moreover. we found
l i t t le  a l le rgen i r  t c t i v l t y  in  our  ex t r rc t  p repurec l  f ronr
shed scales with our serunr pool.

We found airbrlrne concentrat ions ol 'ntoth al lergens
during a 3-year period that correlated well  with known
pattems of insect l i fe cycles and agricultural sched-
ules. There was much day-to-day variabi l i ty in ntoth
aeroal lergen levels, which has also been demonstrated
in tlre measurement of short ragweed anrJ Alternuriu
aeroal lergens, sinri lar to the day-to-day variabrl i ty rn
pol len and ntold spore counts.rr Of interest was the
high concentrat ion found in October 1985. during a
time of year that numbers of moths have decreased.
It  is possible that the harvesting auiviry during this
time period dispersed into the atmosphere large quan-
tities of nroth protein that had settled into rhe soil
earl ier in the season. We are uncertain that higher
concentrat ions observed overal l  in t985 are sieni l ì_
cantly di l ferent f iont those in 198-ì antl  1984; --since
all  eluates were processed at the end of l9t j5, this
fìnding could be due to loss of potency in the l9g3
and 1984 eluates, as well  as the use of Gore-Tex f i l ter
sheets in the latter half  of 1985. Funher studies are
needed to evaluate the changes in aeroallergen con-
centrat ions from year to year, as well  as the stabi l i ty
,  ' l  a i r  f i l t c r  e lua tes  ovcr  î in te .

A large percentage of patients who received skin
testing for a variety of indications had posit ive reac_
tlons to one or more insect al lergens. The cl inical
correlat ions in these patienîs with posit ivc and ncg_

lmmunochemical  quant i ta t ion of  Lepidoptera aeroal lergens 53

ative tests were not analyzed, but the rate of positive
reactions to inhalant insect al ler-qens was similar to
that for other aeroallergens comnlon in the upper Mid-
west. Even 57o of a populat ion of al lergic rhinit is
patients fornterly believed to be sensitive primarily to
ragweed had serum IgE antibody to TAW. Two of the
sera used fbr our IgE source in our RIA assays came
from this population, and insect skin tests were not
done in these patients.

Various species of moth, as well  as such divergent
insects as German cockroach and yel low jacket, cross-
react by RAST inhibit ion. Cross-reactivi ty between
moth and chironomid midge was less clear. S ince there
rs cross-reactivi ty by RAST inhibit ion with this serum
pool and a TAW solid phase betwecn several typcs o{'
insects, we nìay actual ly be measuring aeroal ler.uens
that are common to nìany famil ies of insects. I*urther
studies are needed to determine the extent of cross-
al lergenicity of insects.

We conclude that high-volunre air sanrpl i l tg is an
excel lent techniquc Ibr outdoor airborne insect al ler-
gen quantttat ion and that the seasonal variat ion in
aerclallergen levels correlates with tlie nunrbers of in-
sects captured. We fbund insect aeroal lergen levels.
as well  as total insect numbers, sint i lar to those nrca-
sured in Japan. Further studies are needed to deterr l ine
the diurnal. as well  as yearly, variaî ions in insect
aetoal lergen levels, the extent of irnmunochemical
cross-reactivi ty of rnotl is with other insect lamil ies.
indoor nroth aeroal lergen levels. and the cl inical sig-
nif icance of moth sensit ivi ty in atopic patients with
seasonal synlptonìs.

We thank Dr. Enrique Fernandcs-Caldas for technical
assistance, Dr. John Yungingcr for assistance in prcprr iur:
the manuscript,  Dr. Steve Kagen for providing extracts and
sera, and Mrs. Linda Ameson fbr secretarial assistancc.
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