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IN . r  n t - - t  [ :N ' I  S ] 'L iDY f io r r r  our  labora torv  i t  was
dcnrons t ra lcd  tha t  there  u ,e re  s ign i l i can t  in t rn i r r r t i l r rg i r
d i l lè rences  be tq ,een the  venonrs  o l  the  two spec ies"o f
ground dwel I ing  ye lk rw. jacke ts ,  Vespt r Ia  n racu l i f ions  and
Vespu la  squanrosn. '  J 'ha t  s tuc ly  suggeste t l  tha t  there  were
fùr ther  d i l le rences  in  the  reac t iv i t ies  t t f ' hun tan  le l i  an-
t ibod ics  l iom in t l i v idua ls  c l in ica l l y  a l le rg ic  to  

"ye l low

. j i rcke t  s t i r rgs  tha t  rnay  havc  resu l tcd  f ronr  ipec ic .  t l i t f c r -
ences  ln  ve l ì ( )n ìs .  ln  the  preser ì t  s tud_y  t [e  reac t iv i t l ,  o f
f  he  l lQ  sera  l ionr  pa t ien ts  a l le rg ic  to  ye l low jackc l  vcnr ìn t
tuscd  in  the  prev ious  s tudy  wus exanr ined w i th  venont
lrom six species ol 'yelkrw jackets. The verìolt- ts used rvere
l ronr  Vespu la  vu lgar is ,  V .  n tacu l i l i ons .  V .  l ìavop i losa ,  V .
pensy lvan ica ,  V .  squarnosa and V.  su lphurea.  S ign i f ì can t
in rnrunokrg ica l  c l i l f  e rences  an t ( )ng  the  spec ies  were  fbund
and these i l i l l 'erences correlale with the nrorphological,
behavioral and ecological characterist ics of '  the rpel ies.

l \ lalcr ials and l \ lethrtds
. le ra-The sera  and the  pr t t ien t  p ( )pu le t i ( )n  a re  iden-

t i ca l  lo  those prcv io r r : l v  t lese ' r ihe t l , I '

I ) o . l i - r r  l l ( ì l l n t an  l s  Assoc ta l c  I ) r , r l c ss r , r .  l ) c f r r r t [ ì cn t  o i  l ] r t ì r o l og r  r n r l  I  r b0
ra lo r r  À ' f c i ì i c rne .  F l s l  (  a r0 l r na  t  l n r ! c r s l ( \  S r  h r r r l  0 l  l t 4cL l i r r ne .  (  i t cen r  i l l e .  No r th
(  l r o l r n a .

(  h r i s  A .  Mc l )ona ld  r s  î  Resc î r ch  Ass I t r n l .  I ) e l i r r t n r cn t  r r l  I r r r t h r r ì ogy  an t ì
I  r ho ra t r r r r ' l r 4c r l r c i r r c .  l : , r s t  (  i l r ( ) l i r ì i t  t J r r r r c r s r t r  S t ì t , x r l  o l  N , t cd i c i r r c .  ( i r r r r r l i l l c .
N o r t h  (  a r t r l r n r .

7 t

I ludioul ler,qtt .srtrhent Z't , ,r l  - ' l -hc nìeth()ds fìrr direct and
inh i f r i t i t rn  RAST are  as  pr r rv i6us ly  descr ihed by  eur
la boratory. '  tr '"

I ' t ,no t r t . s  The venont  l ionr  the  ind iv idua l  soec ies  was
purchasecl fronr Vespa Laboratories. Spring l \4i l ls. penn-
sy lvan ia  ' Ihe  

very  ra re  V .  su lphurea ven, , ìn  was a  gcn-
erous gi l ì  f ior.n Vcspa l-aboratories Inc. 

' Ihe 
rnethotJ t t f '

p repara t io l t  and s lanc la rd iza t ion  are  as  prev ious ly  de-
scribed. "

Rcsults and l) iscussion
Each o l ' the  s ix  venonrs  was coLrp led  to  CNtsr  ac t i va ted

l rape l  c l i scs  nn t le r  s tan t la rd  e , rnd i t ions ,  
- f 'he .19  

r ros i t i ve
scra  p lus  ncgat ive  con l r ( ) l  sera  were  a l l  tes ted  hy  d i rcc t

. l .AST aga ins t  the  s ix  venon ' ìs  in  a  s ing le  cxper iment .' Ihe 
results :rre given in 

' l -ahle 
I.  Al l  of t Íe -19 iera were

signif ìcantly posit ive to at least fcrur of the six ven()ms.
Only three sera. al l  l iom the southeast. were nlost reac-
t i ve  w i th  V .  squanrosa.  l lowever .  2 l  sera  had much
weaker  reac t ions  w i th  V .  squant ( rsa  anr j  su lohurea than
rv i th  the  o ther  spec ies 'ven( rn ls .  S ign i f ì can t  d i f iè rences  in
reac{ iv i t y  appeared to  bc  pr . t .n ,  l -o r  r l l  s ix  venoms.  The
average RAS'[ score was highesr fbr V. f lavopi losa, then
vu lgar is ,  n racu l i l i ons .  pensv l ran ica .  squanrù ia  and su l -
phurea.  Th is  re f lec ts  the  geographrc  d js t r ihu t ion  o f  pa-
t ien ts  and insec ts .  The resu l ts . r t  R ,qSf  to  V .  macu l i l rons
and V. squantosa fronr the present \ tud\, \ \ ,ere corÌìpared
f  o  those rep( r r ted  in  the  prev io r rs  s t r rd \ . .  i  [ ,o r  e  ach  ven( )m
the cor re la t ion  coc l f  i c ien t  fb r  thc '  6 r .J  exper imenrs  r rs ing
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RAST to Six Species of Yel low Jackets in Percentage Binding after Subtraction of Non-specif ic Binding.
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39 pos i t i ve  sera  was t ) .9  l .  D i l l ' e ren t  lo ts  o f  labe l led  an t i -
body ancl discs were used irì  each experiment.

The RAST results for each venom were con.ìpared t(r
those lor the other l ìr 'e by l inear regression analysis. 

-Ihe

cor re la t ion  coef t i c ien ts  a re  g iven in  Tab le  I [ .  A I I  a te
s ign i f ì can t  a t  p  less  than 0 ,01  us ing  the  F  <J is t r ib t t t ion
test, T'he highest c(Ìrrelat ions were obtained for the pairs
V. vulgaris and pensylvanica ancl V. squatnosa and
su lphurea.  The two spec les  V.  squanrosa and su lphurea
form one gror rp  and the  four  spec ies  V.  vu lgar is ,  n tacu-
l i frons. t ìavopi losa and pensylvanica another group. Ves-
pula pensylvanica appeared somewhat less related to V.
f lavopi losa and maculi l ions and rnore related to V.
squamosa and sulphurea than the other menrhers of i ts
group. The results were also subjected to mult iple l inear
regression analysis. The correlat ion coeff icients were not
signi l ìcantly improved but a signif icant associat ion be-
tween V. maculi frons and V. f lavopi losa becanre appar-
en t .

The immunt.rkrgical relat ionships hetween the various
species venoms was Íìr ther explored by RAS'ì- inhibit ion
s tud ies  us ing  ind iv idua l  pa t ien t  sera .  Some o f  the  resu l ts
are  presented  in  Tab le  I IL  The b ind ing  o f  IgE an t ibod ies
l rom serum 4092,  w l r i ch  i s  p r imar i l y  reac t ive  w i th  V .
squam()s:ì,  to V. squantosa was inhibited at a lower

v ( ) t  ì . r M [  l f .  J  f  B R t Ì A R y  t q r ]

Table l l .  Corre lat ion Coef f ic ients Between RAST Resul ts  to  Yel -

lg1l3!k"l-sr!'"',
l lavopr-  r r ìA(- ' r . r -  perrsy l -  sqLla-  su lphu-

losa l i f rons vanica mosa tea

o . 7 4  0  7 0  o  a 7  0 . 5 9  o  5 9
o 7 3  o 6 4  0 . 4 6  0 6 4

0 6 0  o 4 6  0 4 7
0 . 6 8  C r . 6 8

Q 8 7

v u l g a n s
f lavopi losa
nìacul i f rons
pensylvanica
squamosa

concent ra t io t r  o f '  the  c lose ly  re la ted  V,  s t r lphurea than

the  less  re la ted  V.  n racu l i f ions .  Serum 6129 is  n los t

reac t ive  w i th  V .  pensy ivan ica  by  d i rec t  RAST:  th is  spec-

i f i c i t y  i s  conhr rned by  inh ib i t ion  wh ich  shows tha t  pen-

sylvanica venom is f ive to eight t inres more p()tent an

inh ib i to r  o f  b ind ing  to  V .  pensy lvan ica  ven( )n l  than the

three  re la ted  venoms are .  A  s imi la r  s i t t ra t ion  is  seen f t r r

serunr  466 l ,  wh ich  b inds  most  s t rong ly  to  V .  vu lgar is .  In

this case vulgaris venonì is a three t imes more potent

inh ib i to r  o l  b ind ing  to  V .  f lavop i losa  venont  than t ìa -

vop i losa  venom is .
The d i rec t  RAST resu l ts  f< r r  sera  5Ó75 and 5E75 show

the strongest binding to V. f lavopi losa. However. in the

case o f  -5ó75 vu lgar is  venom is  l i ve  t in les  as  po ten t  an

inh ib i to r  and inh ib i t ion  is  cc ln tp le te  i v i th  bo th  venorns .
' I 'his 

indicates that f lavopi loqa venont may contain ntcrre
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S4rt rnr  l ìJ . .1 , : ,  ;1 ' . , tU

of ' the  re levant  an t igens .  For  serum _51{75 pensy lvan ica
venom rs  a  more  po ten t  inh ih i to r  o1 'b ind ing  to  t lavop i -
krsa. but vulgaris inhibits more completely.

Serum 3526 is  no t  c lear ly  rpec i t i c  t i t r  any  o l '  the
spec ies .  S ince  V.  su lphurea is  a  ra re  spec ics  fbund in  the
sout lwes t  and the  pa t ien t  l i ves  in  (  onncc( icu t .  the  po(ent
inh ib i t ion  o f  b ind ing  to  V .  su lphurea h .y  the  eas ter r r
spec les  V.  f lavop i losa  and the  western  spec ies  V.  pensy l -
van lca  suggesf  tha t  th is  ind iv idua l  p roc luces  a  h igh ly
c ross- reac t ive  an t ibody .

Senrnr  5ó7J  is  f ronr  a  pa t ie r ì t  in  ( 'a l i fb rn ia ;  i t  shows
srgn i f ìcan t  rea( t i v i t y  w i th  a l l  s ix  venr . rn ts .  B ind ing  to  V .
f lavop i los t  was  inh ih i tcc l  by  sn ta l l  q t ran t t t ies  o l ' vu lea l . i s
r r td  pcns_y l r ,un iea  venonrs .  Inh i t r i t ion  o l '  h ind ing  t i r  V

I able l l l .  Inhtbit ion of the Radioaltergosorbent I  est wtth Varioi ls
Yeilo:/ Jack1 

1?:::::I
( . a , r l ( . : ( r r l  l l  a -
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squamosa requ i red  about  l0  t imes more  V.  su lphurea
venom; however, even more ntacul i f ions venom was
reqn i red .  The la rges t  an lount  o f  inh ib i to r  was  requ l red
tor  inh ib i t ion  o f  b ind ing  to  V .  macu l i l i ons  by  V. ' squa-
n ì  ( ìSA.

In nrost cases the RAST inhihit ion results confirn.r the
relat ionships antong the species (hat were fcrund bv
analysis of the direct RAST results. 

' I 'he 
imnrunologicai

re la t ionsh ips  among the  s ix  spec ies  are  d iagramme<l  in
F igure  l .  S ince  rhe  immLrno log ica l  re la t i r - rnsh ips  para l le l
the nrorphologìcal.  behavioral and ecoklgicai rèlat ion-

l l ip t . '  
'  the  _s .ubgenern  are  a lso  inc luc led  ìn  the  f igure .

The genus Vespu la  i s  d iv rded by  nrany  workers  in r r . i
lh ree  subgenera . ' fhc  l r rs t ,  A l love .spu la .  i s  the  so_ea l led
"nr la "  g ro t rp  o l  spcer ies .  a t r r rp i los i r .  c r tns t tb r ina .  v t4ua.
acrd ica .  in te r r r rcd ia  anc l  a r rs t r i r l ca .  l  he  insec ts  in  th is
group l i ve  in  snra l l  co lon les  and ar .e  s t r i c t l y  p rec lacrous .
so  they  ra re ly  s t ing  nran . "  I  he  second subgenus,  para-
vespu la ,  i s  l ì . rund in  bo t l r  the  Ncw ar r t l  ( ) ld -Work ls  and
tnc lu .Jes  V.  lnacuI i l r i rns .  f ìavop i losa ,  r , r r lgar is .  pens-y lvan-
rea  and the  in t roduccd gernran ica .  ' fhése 

are  thé  nros t
c ( )n ìm( ln  spec ies  o f -  l ,e l low jackc ts  an t l  represent i i t r rcs
are  l i ru l r t l  th roughout  the  L ln i tec l  S(a tes .1 , ;  A l l  except
pens l l l i tn i i ' "  r r rc  f ì r r rn r i  in  the  Ias t  und \ / .  r  u lgar is  l r ì t l
f c r t . v l v l r n i c : r  i t r c  f \ ì u r ì d  i n  t h c  W t s t .  I  l r c  t l r i r t l  ì r r h g c r r r r .
i s  Vespu l l t  lnd  cont : r in r  o r r l1 , fn ,q ,  spcc ics .  V .  s .1 r r , r ì r r , , . , r
lo r rn r " l  rn  the  so t r t l rcas t .  l l r c  on lv  l ,e l lou .  j ; rcke t  rv i th  un
or i ìngc  q l l ccn .  an t l  t l i e  ra re  ! ' .  s r r l f rh l l rsx  l ì run .1  , t . r ( , , ,  -
lo rn ia  and occ l ts io r ra l l y  in  s r : r rounc i ing  s ta tes . ' fh rs  tax-
onomy is .hased pr imar i l y  on  morpho log ica l  g rounc ls '
[ ' rut is cr.rnf rrnred by hehavioral and ecologi i .al  eviclence... , '
S tud ies  o f  the  isoenzyme hand ing  par te ìn .  o l  the  I )a ra-
vespula species show contplete correlat ion *, i th nrorpho-
log ic  spec ies . ' '

' fhe  
i rnn tuno log ic  da ta  suggest  tha t  V .  vu lgar is  and

l l tsh - r  r f r rbr t r . ' r

5 b 7 r l

l t î '  ;  1  1 1 1 1 , , ' 1 , 1 1 i 1 1 1 , r ; 1

, .J l :L !ò

6 1 i : 9  f ) e n s y l -
v a n i c a

4eìe l1 vu l .qar is

5 8 7 5  l l a v o p i l o s a

macu I  i f rons v u t g a i l s

[ : i g u r e  | .  l ) i r g r a n r o l l h e i m n t u n o l o g r c l l r e l r t i o n s h i p s o b s e r v c c l a n ì ( ) n g t h c s r x s p e c i e s o f V c s p u i a s t u d i e 6

n ro rp l r o l ' . r g i c .  hchav io r i r l  i u t d  euo log i c  t  r i t r r i l r  l r r r :  sh r rwn  r l r r l u , l r , l  t [ r u ' n  t l t c  l i g r r r e

I
,"{ùl
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nensylvaniea uts cl lrsely related: however. both the hex-

i l inír.  and malic t lehydrogenase isozynres are difTerent

for these species. '  There are also several signif tcant nror-

pho log ic  d i l fe re r rces .  The h igh  cor re la t i t tn . t ' f  . reac t iv i t ies
io the.*e two species nray be a result ol inclt tsion of a

substantial nurnber of patients resident in the far west.

where these are both conlmon species. The similari t ies

betweerì mactr l i frons and f lavopi losa and between l la-

vopikrsa and vulgaris seen nlorpholrrgical ly i ìre con-

f irmed hy the isozyme studies; the hexokinase ist ' rzymes

are rJif fèrent fcrr each species and the rnal ic dehydrogen-

ase isozynres  are  the  same.  The immuno log ic  s tud ies  a lso

ind ica te  a  re la l i ve ly  c lose  re la t ionsh ip  anrong these th ree

sr rec ies .  The t rvo  spec ies  o f  the  s t rhgent rs  Vespt l la .  sq t ra -

mcrsa  and su lph t r rea ,  a re  n rorpho log ica t ly  c l i s t inc t  f ronr

Parnvespr t la .  l t  sho t r ld  be  ncr ted  t l ta t  V .  sq l lan l ( )s i l  l s  i ì

facu l ta t i ve  paras i te  t rn  V .  n tac t r l i l r t tns"  an t l  p rohah ly  l l so

on V. l lavoPilosa.
Jact-rbson et al '  htvc prtrpttsc'r l  Lhat V. 1-rcttsl  lvi t t t tca

and V.  gernran ica  n tay  t i l rn t  a  subgro t rp  o f  Paravcspu l l

based upon n t ( ) rpho l ( )g ic l ì l  g r l r i rnds .  Ot r r  da t i t  a re  c ( ìn -

t rad ic to ry  on  th is  po in t .  React iv r ty  to  pcnsy l r ' : rn ic l  rs

very  h igh ly  rc la ted  to  reac t iv i l y  to  v t t lgar is  b t r I  t s  less

re la ted  to  reac t iv i tY  to  f lavop i losa  and rnacu l i f rons .  V .

pensy lv . tn ica  venon l  l r l so  l tppe l t rs  t ( ì  hc  n ) r ì re  re la ted  t t r

iqua inuro  i - rn t l  s t r lphure l t  vcn( ìn ls  than the  o ther  Par l t -

véspr r lu  vcnonrs  a rc .  T l t i s  s t r rd t ' c l i t l  no t  ine l t tdc  \ / .  ger -

n ran ic i r .  l t  spcc ics  i r t t r t l t l r . rce t l  l i o t t t  f , t r roPe.
J -he  in rnr r rno l r rg ic  reac t i l r t i cs  o f  s ix  spcc ies  o l  Vespt l la

venonr  inc l i ca tc  tha t  s ign i f i c ln t  d i f  fe renccs  e 'x is l  an lo l ìg

venonrs fnrrn cl i l ferent species. 
' f  

hese dif  f 'erel lces gener-

a l l y  para l le l  the  phy logen l  es tab l i s l ted  hy  n to rpho log ic ,

behav io ra l  and eco log ic  s tud ies  and isoenzyme typ i t tg .

The d i l lè rences  he tween the  subgenera  Paravespu la  i rnd
Vespu la  a re  suhs(ant ia l  and there  are  ind iv idua ls  who

are reactive to venoms f i trm only one subgentrs. Most of

the  sera  s tuc l ied  erh ih i ted  son le  t legree  o f  spec ies  spc t i -

f i c i t y .  The pa t te rns  o f  re  ac t iv i t t '  ohserved genera l l y  cor -
re la ted  w i th  spec ies  d is t r ibu t ion .  Pr in rary  reac t iv i t y  to  V .
squamosa was frrund in patients t ìont the sotrthe l tst.  The
strongest reactivi ty of patients f iont C'aLf ortì la was nlore
variable. Ahout hal l ' rr 'ere most reactive rvith the conlm(ln
ye l low jacke ts  lbund in  the  west ,  V .  vu lgar is  and pensy l -
van ica :  most  Of '  the  res t  were  ln r ìs t  reac t ive  w i th  l lavo-

V r ) L ( t V l  4 s .  I  I  l J R l r . \ R \  I r r - '

pilosa. and [wo were nlost reac-t ive with nractt l t frons.
neither of which is lbund in the west. 

' Ihe 
most probable

exp lanat ion  suggested  by  the  RAST inh ib i t ion  da ta  i s

tha t  the  venoms o f -V .  f lavop i losa  and n lacu l i f rons  con-

ta in  la rger  quant i t ies  o f  s t rme o f  thc  a l le rgen\  c ( )J l ì t l ì ( r r ì
to  a l l  o f  the  Paravespu la  spec ies .  A l te rna t ive ly  sonte  o f

these incl ividuals may have been sensit ize'd in t lre east.
a l though a l l  cxper ienced the i r  re : tc t ions  in  (  i i l i l ì r rn ia .
No sera l iont the east were prirnari l-y reactive u' i th the

western  spec ies  V.  pensy lvan ica .
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" I  no  sooner  conre  in to  the  l ib ra ry .  bu t  I  bo l t  the  door  to  n re .  exc l t td t t tg

Ius t .  avar ice  and a l l  such  v ices ,  whose nurse  is  id leness .  the  r r to ther  o f

ignorance and melancho ly  hcrse l f .  and in  the  verv  lap  o f  e te rn i tv .  an l ( l r lgs t

s ( r  many d iv ine  sou ls .  I  take  nr1 'sea t .  w i th  so  lo { ìy  a  sp i r i t  and  sweet  conten t

tha t  I  p i ty  a l l  our  g rea t  ones  and r i ch  n ren  tha t  kn t tw no t  th is  happ iness . "
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