
The allergic response to stinging insects 

IV. Cross-reactions between bee, wasp, and yellow jacket 
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The cross-reaction between bee and yellow jacket is not detected by tanned ccl1 
hemagglutination, inhibition of hemagglutination, or agar gel double diffusion. Only 
by immunoelectrophoresis is it possible to demonstrate a common antigen contained 
only in the body of these insects. Bees and wasps share one common antigen which 
is not present in their venom sacs. Wasps and yellow jackets have two common 
antigens, one of which is localized in the body and the other in the venom sacs of 
both insects. The implications of these results in wgwd to human hypersensitivity 
to stinging insects is discussed. 

I n a previous public&ion’ it was reported that paGents who have had an 
allergic reaction to an insect sting may hare skin-sensitizing and hemaggluti- 
nating antibodies against one or several insects of the order of Hymenoptera. 
In a subsequent article,” it was also implied that, some of the antigens recovered 
in venom sac extracts may bc specific to the venom, whereas other antigens wwe 
common to both venom sac and insect body extracts. 

We then became interested in investigating the location of the antigens 
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shared by the several stinging ins&s, to discover \vhether they w’crc localized 
in the venom sac or in the bodies of the insects. 

MATERIALS AND METHODS 

Antigen extracts 

Extracts of the following were prepared according to our procedure, as 
dcscrihcd previously’ : (a) bee (Apis mellifera), wasp (Polistes exclamans), and 
yellow jacket (Vespula pennsylvanicus) whole insect; (b) sacless bee, wasp, 
and yellow jacket ; (c) bee, wasp, and yellow jacket venom sacs. 

Rabbit sera 

Rabbits were immunized with either whole insect, extracts, saclrss insect 
extracts, or venom sac extracts of each type of insect. The immunization pro- 
cedure is described in a previous publication2 

Hemagglutination 

The tanned cell hemagglutination technique was employed as described by 
Feinberg and his associates” and modified by Arbesman and his colleagues.” 

Inhibition of hemagglutination 

Inhibit.ion of hemagglutination was performed as described in a previous 
publication.” 

Agar gel diffusion 

The agar gel double diffusion method was prrformcd according to the prin- 
ciples of Ouchterlony.F 

lmmunoelectrophoresis 

Microimmunoelectrophorcsis was performed according to the t,echnique dc- 
scribed by Scheidegger.’ 

RESULTS 

Inhibition of hemagglutination 
Opt.imal dilutions of our I-arious insect extracts for coating of the tanned 

red blood cells were ascertained as previously described.* 
The hemagglutination of cells coated with all types of brc extracts (whole 

insect, sacless, or venom sac) and agglntinatcd by t,heir homologous rabbit 
antisera, was not inhibited by any of the yellow jacket extracts. The samo result, 
namely, no inhibition, was obtained in the attempted inhibition by bee extracts 
of hcmagglutination produced by anti-yellow jacket sera, with the use of cells 
coated with yellow jacket extracts. A complete absence of common antigenicity 
(within the limits of these experiments) between bee and yellow jacket, as 
measured by tanned cell hemagglutination, was evident. 

Tables I and II are illustrative of these experiments. In Table I, the inhibi- 
t,ion of an a.nti-bee venom sac rabbit serum was successfully produced by the 
different extracts of bee, but not by extracts of yellow jacket,. In Tnhlc TI the 



Table I. I~zhibition of tanned-cell henLcrlrglutinatiol1 of cells coated Gth bee 
venom sac extract by rabbit serum No. 66,” with use a,s i,lhibitors of the bee 

extracts and yellow jacket extracts indicated nt left 

In,hibitiny antiym Inhihitio,n titer+ 

Hw whole insect 1:80 
Her sarltw insert ,.I I 1:40 
Hw venom sac 1 : 160 
Yellow jacket wholr inswt II 
Yellow iwket saclrsx inswt 0 
T~llo\r $wket v~non, sac 

)Anti-lwe venom sac rabbit serum diluted 1 to 20,000. 

0 

tE;sprwsed as the greatest dilution of the wagfwt xl-llieh was abl(l to inhil)it tllr hcmag- 
plutination reaction ; 0, no inhibition, ewn Iry the undiluted wagwt. 

Table II. Irrhibition of ttrn?led-cell hemn{Jg!utinutio)~ of c,ells coded with !JP~~ow 

jacket llenom sac extract by rabbit serum No. 65,” * ~with use as inhibitors of the 

bre extracts and yellow jacket e&ract.s i,rdicated at lpft 

Inhibiting antigen Inhibition titrrt 

Rre whole insect 
Bee sacless insect 
Bee venom sac 
Yellow jacket wholc~ inwrt 
Yellow jacket sacless insert 
Yellow jacket venom sac 

0 
0 
0 

1:40 
1 :%O 
1:80 

*Anti-yrllow jacket venom sac rahljit wrnm dilutrd 1 to 2,000. 
t Expressed as the gwatrst dilution of the reagent which w*s al)l~ to inhil)it t,llfs l~w~tg- 

glutination reaction; 0, no inhilCtion, ww by the untlilutcd wagent. 

Table III. Inhibition of tclrr?led-call hcl?lr~llglutincrtion of cells coated with wtrsp 
IrQhole insect extract by serum No. 5?‘,* with use a.s inhibitors of the bee cxtrnds 

and wnsp extra’cts indicated at left 

1n.hibitin.q anticlen Inhibition titwt 

Rw ~vhole insect 1:lO 
Hrt s:wlws inswt 1:lO 
lirr venom sac 0 
Wasp whole insect 1:80 
Wasp sacless insect 1 :“I) 
\Vasp venom sac 1 :“O 

“nnti-wasp whole insect rabbit serum diluted I to 40,000. 
tExprwsed as tlicl grtatwt dilution of the reagent whic:l~ was al)lc to iuhil)it tllc* hcmag- 

glutination wartion; 0, no inhil)ition, evcln l)y the undiluttd waged. 

inhibition of an anti-yellow jacket venom sac rabbit serum was produced by 
the different extracts of yellow jacket, but, not by bee extracts. 

The same results were obtained when either the whole body or sacless extracts 
of bee and yellow jacket were used as coating antigens against their homologous 
antisera and inhibited with the various extracts of these two insects. The bee 
extra&s did not inhibit the yellow jacket system, and the yellow jacket extracts 
did not inhibit, the bet system. 



Table IV. Inhibitiojr of tanned-cell hemagglutinatio~l of cells coated with yellow 
jacket whole insect extract by serum No. 56,# with use as inhibitors of the yellow 
jacket and wasp eztmcts indicated trt left 

Inhi.biting antigen Inhibition titer+ 
Yellow jacket whole insect 1:160 
Yellow jacket saclrss insect 1:80 
Yellow jacket venon~ sav 1:40 
Wasp whole insect 1:20 
Wasn swlrss insect 1 :lO 

tExpressed as- the gwatwt dilution of the reagent xvhirh wa.s ahlr to inhibit the hemag- 
glutination reaction. 

Table V. Inhibition of tanned-cell hemagglutination of cells coated with yellow 
jacket venom sue by serum No. 65,” with use us ijthibitors of the yellow jacket 
venom sac or wrrsp venom .snc extr-crcts indicated nt left 

Inhibiting antigen Inhibition titert 

Yellow jacket venom sar I:80 
Wasp venom sac 1:lO 

*Anti-yellow jacket venom sac rahhit serum. 
tExprrsscd as the gwatwt dilution of thv reagent which was ahle to inhibit the hcmag- 

glutination rrartion. 

Table VI. IIel,zu!Jglutincttioll titers of rabbit untisera using cells cmoated with 
extract of wusp whole body* 

Antiserum x0. 
Hemaqglutination 

tijr:r 

Whole bee 60 1 : 2,000 
Whole wasp 57 1: 128,000 

*Each value represents thr great,est dilution which still produced a positive reaction. 

Some cross-reactions occurred between bet and \vasp. Bee whole insect and 
sacless bee extracts provided some inhibit,ion of the hemagglutination of wasp 
whole insect coated cells by.an anti-wasp whole insect rabbit serum. Bee venom 
sac failed to produce inhibition in the same experiment. These results arc 
illustrated in Table III. Furthermorr, cross-reaction was not demonstrated 
between bee venom sac extracts and wasp venom sac extracts by these methods. 

The reverse experiment demonstrated that wasp whole body and sacless 
extracts inhibited the reaction of anti-bee whole body and sacless bee coated 
cells with their homologous antisera. When bee venom sac extracts were used 
for coating red cells, all the wasp extracts failed to inhibit the hemagglutination 
with anti-bee venom sac serum. 

A higher degree of cross-reaction occurred between wasp and yellow jacket 
extracts. In Table IV, one can se:’ that all three types of vvasn extracts prodnccd 



Table VIII. Hemagglwtinntion titers of robhit a,ntisern q&tty ~~11,s cotrtd tc<ith 
extract of wasp wholr body* 

Antiserum I I 
Ilcrnn,~~~l/rtin~ntioll 

170. titrr 

some inhibition of yellow jacket whole insect extract coated cells agglutinated by 
an anti-yellow jacket whole insect rabbit serum. Other experiments showed that 
the reverse was also true. All three types of yellow jacket extract produced some 
inhibition of wasp whole body extract coated cells agglutinated by an anti-wasp 
whole body rabbit serum. 

Common antigenicity between yellow jacket venom sac extract and wasp 
venom sac extract was demonstrated. These results are shown in the experiment, 
described in Table V. As illustrated, wasp venom sac extract produced some 
degree of inhibition of an anti-yellow jacket venom sac rabbit serum. 

Direct hemagglutination 

By means of a direct tanned cell hemagglutination technique, thrsc findings 
on inhibition were corroborated by the following experiments : 

As illustrated in Table VI, an anti-bee whole body rabbit serum partly 
agglutinated cells coat,ed with wasp whole body extract, but to a dcgrrc much 

lower than the homologous antiwasp serum. 
An anti-yellow jacket whole body rabbit serum agglutinated cells coated 

with wasp whole body extract, but with a titer less than the l~on~ologous one 
(Table VII). 

Table VI11 illustrates the compara.tive hemagglutination of cells coated 
with wasp venom sac extract by an anti-yellow jacket venom sac rabbit serum, 
and by the homologous anti-wasp venom sac serum. Some slight degree of 
cross-reaction is visible. 

Gel diffusion 

Agar gel double diffusion experiments gave results which correlated ver) 
well with thr results obtained by tanned-cell hemagglutination. Fig. 1 illustrates 



Fig. 1 
Gel diffusion precipitation. Well S, Anti-lw vcanom sac rabbit swum. Peripheral wells: 1, Her 
venom sac. extract. 2, Bw venom sac extract. .?, Yellow jack& whole insect extract. 4, Wasp 
whole insect extract. 5, Yellow jack& venom sac extract. (7, \Vasp venom sac extract. 

Fig. 2 
Gel diilusion precipitation. IVell S, Anti-bee wholr~ insect rabbit serum. Peripheral wells : 1, 
Bee whole insect extract. 2, Bee whole insect rxutract. 3, Bee venom sac extract.. 4. Bee wnom 
sac extract. 5, Wasp whole insect extract. G, 8vllo\v jacket whole insect extract. 

the reaction between an anti-bee venom sac rabbit serum in t,hc center well 
and extracts of bee, wasp, and yellow jacket. One can see that the anti-bee 
venom sac serum produced two lines of precipitate with bee venom sac extract in 
wells 2 and 2; no precipitation occurred between the anti-bee venom sac serum 
and yellow jacket whole insect or venom sac extracts, nor with wasp whole in- 
sect or wasp venom sac extracts. In Fig. 2, an ant,i-bee whole insect serum in 
the center well produced five lines of precipitation with its homologous antigen 
in wells 1 and 2, two lines of precipitation with bee venom sac, extract in wells 
3 and 4, one line with wasp whole body extract in well 5, and one line (as in- 
dicated by a slight deviation of a line from well 2) with yellow jacket whole 
body in well 6. The line of precipitation of wasp whole body extract was con- 



Fig. 3 

Gel diffusion precipitation. Well S, Antisaclcss wasp extract. Periphwal Irc~lls: 2, HulesS 
wasp extract. 2, Sacless wasp extract. 3, Bee venom sac extract. 4, Yellow jacket venom sac 
cstrnct. 5, Yellow jacket whole insect extract. 6, Bee whole insect extract. 

tinuous with one of the bee system lines (hence, a reaction of identity), and 
different from the two lines of the same system which were in common with 
the lines of bee venom sac extract. This result supported what had been found 
by hemagglutination, and, along with the results of the previous experiment 
(E’ig. l), indicated that the common antigen between bee and wasp is localized 
in the body of the insect, but not in the venom sac. 

Fig. 3 illustrates an anti-wasp sacless insect rabbit serum in the center 
well which gave six lines of precipitation with its homologous antigen in wells 
1 and 3, none with bee venom sac extract in well 3, none with yellow jacket 
venom sac extract in well 4, two lines with pcllow jacket whole body extract 
in well 5, and one line with bee whole body extract in well 6. The two lines of 
precipitation obtained with yellow jacket whole body extract and the line ob- 
tained with bee whole body extract do not cross-react with each other, and 
they cross-reacted with different lines of the wasp system. These results dem- 
onstrated that bee and yellow jacket ha,re no major common antigen, and that 
the antigens in wasp whole body estracts, which are common on one hand 
with bee whole extracts and on the other hand with yellow jacket extracts, arc 
totally different from one another. 

lmmunoelectrophoresis 

The relationship between the venom sacs of each of our insects was investi- 
gated by immunoelectrophoresis. In a previous publication’ it was found that 
this method revealed more antigens than did the agar double diffusion technique. 

In Fig. 1, the anti-yellow jacket venom sac serum gave one line of precipita- 
t.ion with yellow jacket venom sac extract in the center IveIl, one line with wasp 
venom sac rstract in the lower well, and none with bee venom sac extract in 
the upper \vcll. 

In Fig. 5, anti-wasp venom sac rabbit serum gave six lines with wasp venom 
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Fig. 4 
lrnmunoele~tropl~or~~sis. Upper well : 1% vrnom sac extract. Center well : Yellow jwkot 
venom sac extract. Lower well: \Vasp venom sac extract. Trough: Anti-yellolv jacket venom 
sac rabbit serum. 

Fig. 5 
lmmunoeleetropl~orrsis. Upper ~41: Bee venom sac cixtract. Center well: Wasp venom sar 
extract. Lower well: Yellow jacket venom sac extract,. Troughs: Anti-wasp venom sac rabbit 
serum. 



Fig. 6 
In~munoelcc~t~opl~o~~~si~. Upper well : Yellow jacket whole inswt cdravt. Center ~~11: Bee 
Aole insect extract. Lower well: Wasp whole insect extract. Troughs: Anti-l)ee whole insect 
mhhit serum. The inked line depicts a very faint, line of precipitation which could not I)e 
reproduced pl~otograpliically. 

sac extract in the center ~11, none with hcc venom sac extract in the upper well, 
and one broad lint with yellow jacket venom sac extract in the lower well. 

An anti-bee venom sac rabbit serum failed to detect any common antigen 
with yellow jacket or with wasp venom sac extrbact by imrnnrroelcctrophoresis. 
An anti-bee whole insect rabbit strum, in contrast, gave two lines of precipita- 
tion with wasp whole insect extract in the lower well (Fig. 6)) but also gave one 
line of precipitation with yellow jacket whole insect, thus confirming the sug- 
gestire evidence in Fig. 2. A common antigen was also demonstrated when an 
an&yellow jacket whole insect serum was used against a bee whole insect cx- 
tract submitted to clectrophoresis in agar gel. 

DISCUSSION 

Foubcrt and Stier” reported that bee, wasp, yellow hornet, black hornet, 
and yellow jacket contained from four to six antigenic fractions as studied 
by agar gel double diffusion. \Vc demonstrated by the same t,echniyue approxi- 
mately the same number of antigcnic fractions in bee, ~vasp, and y4low jacket, 
as wcrc reported by these authors. Our results wer~r published preriouslp.2 In 
the same publication wc clearly demonstrated that by another immunological 
method, imn~unoelectroplrorcsis, a greater number of antigens could hc d&&d- 
12 to 13 for wasp, 9 for* bet, and 9 to 10 for yllow jacket. E’oubert and Stier” 
also drmonstr*ated that two antigens were common between bee and yellow 
jacket. \Ye were unable to show any antigenie relation between bee and pcllow 
jacket, by hcma~~~lutinatiorr or inhibition of lrcrtragglutirratiorl, although agar 
gel double diffusion and iiinnnriorlcctlapho~t~sis did demonstr~atc one commori 
antigen between bee and ycl low jacket. This appar*cntl~- minor component was 
distributed in the whole body of both insects, but it was not prcscnt, in their 



venom sacs. Some degree of cross-reaction occurred between bee and wasp, 
as measured by the immunological methods employed in this study. ITere again, 
t,hc common antigen was present in the body of the insect, and it was not found 
in the venom sacs. 

The greatest degree of cross-reaction occurred between wasp extracts and 
anti-yellow jacket sera, and conversely, between yellow jacket extracts and 
anti-wasp sera. Two antigens were common to yellow jacket and wasp. Similar 
results were published by B’ouhert and Bier. 8 Furthermore, our study demon- 
strated that one of the common antigens was localized in the venom sac of wasp 
and yellow jacket (Fig. 5) (Table V and Table VU). 

I~oveless’” has also reported a common antigenicity between wasp and yellow 
jacket,. She has shown that patients immunized by progressive stings with yel- 
low jacket will be protected not only from subsequent yellow jacket stings, 
but also from wasp stings. The rcversc v-as also trur. ‘Injections of emulsions 
of wasp venom or st,ings by wasps were able to protect not only against rc- 
actions from wasp st,ings, but. also from stings by yellow jackets. 

It is then possible that an individual stung by a xvasp can be sensitized 
to yellow jacket. by means of the common antigen existing in their \-enom sacs. 
AS for bee, it seems probable that, an individual must become sensitized to the 
insect body antigens in order to halo antibodies which cross-react with yellow 
jacket and wasp. WV ha\e dc>monstratcd such cross-reacting antihodics in a 
previous publication I1 b,v tanned ccl1 hemagglutination and passive transfer 
studies. The manner in which a patient bccomcs sensitized to these insect body 
antigens is unknown, although inhalation of insect desquamations has been 
implied by some authors.” Another possibility to consider is that the stinger 
is also injected, and it, probably conta,ins some body proteins diffcrcnt from 
pure venom. 

Alt,hongh definite differcnccs wcrc shown between venom sac (1st racts and 
whole body extracts, this may all be a quantit,ativc rather than a qualitatire 
difference, despite the fact that the protein concentration of each antigen was 
essentially the same. Obviousl?-, there is some contaminate of body proteins in 
our venom sac extracts. Tn subsequent publications WC will present data on 
pw*c bee venom and its relationship to the other types of bee estract as well 
as with the extracts of wasp and yrllow jarkrt. 
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