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In the early part of this century, it was recognized 
that a substance in the part of the body of a honeybee 
worker where the venom sac is located was capable 
of eliciting a violent cutaneous and even a systemic 
reaction in a patient with a previous history of a gen- 
eralized reaction to a honeybee sting when the sub- 
stance was applied to an area of scarified skin.’ Inocu- 
lation of the patient with a filtered extract that was 
made from the posterior part of the worker bees re- 
sulted in a gradual lessening of the reactions that oc- 
curred when the patient was stung. This appears to 
have been the first instance of the successful immuni- 
zation of a sting-allergic patient with a venom-rich 
solution. It was confirmed several years later that a 
sting-allergic beekeeper would have a positive skin 
test to honeybee venom, and it was also demonstrated 
that in an individual who developed respiratory symp- 
toms from inhaling the bee body detritus around bee 
hives, an extract of bee body could also elicit a posi- 
tive test.* The correct interpretation of this finding 
appears to be that respiratory exposure to bee body 
“fluff” from the hives leads to the development of 
IgE antibodies to bee body proteins. 
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Since to obtain clinically significant quantities of 
venom seemed a formidable task, attempts were made 
to determine whether allergy to insect stings also 
might be due to a protein or proteins shared by the 
bodies of all of the common Hymenoptera.3, 4 Al- 
though animals immunized with various Hymenop- 
tera body preparations formed antibodies that could 
be used in the double diffusion in agar analysis of 
antigenic components, the results never clearly indi- 
cated the relevance of the antigens thus identified to 
human allergy to insect stings. For a number of years, 
most allergists were content to use commercially pre- 
pared extracts of whole insect bodies for diagnosis 
and for treatment of this condition. One or two voices 
were raised to point out either the inefficacy of 
whole-body extracts as diagnostic material+ 6 or the 
apparent superiority of hand-collected venoms as 
therapeutic agents.‘, 8 Comment was made regarding 
the possibility that reactions to stings might be toxic 
rather than allergic9 whereas fatal reactions from 
stings were noted to occur in patients who were im- 
munized with whole-body extracts.‘O It was with this 
background that two groups of investigators nearly 
simultaneously reported the immunologic conse- 
quences of immunizing humans with honeybee venom 
and the use of venoms in vivo and in vitro to esta- 
blish the immunologic nature of reactions to insect 
stings.“, I2 
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Ahbrrviution used 
RAST: Radioallergosorbent test 

The scope of the problem 

No one is certain how many deaths occur from 
stinging insect anaphylaxis. Although fewer than 50 
fatalities a year in the United States have been re- 
ported, this number might be larger if accurate causes 
of sudden, unexplained death occurring in persons 
where stinging insects abound could be determined. 
Observations of large groups of individuals with natu- 
ral exposure to stinging insects have led to the belief 
that 0.4% to 0.8% of the population may be at risk of 
an allergic reaction to a sting.‘“, l4 These figures rep- 
resent the incidence of sting reactions, however, and 
do not tell us what the prevalence of the sensitized 
state may be or what proportion of those sensitized 
may be at risk of an allergic reaction if they are stung. 
A study that was begun in the suburbs of Baltimore by 
use of a stratified, random sample of the employees at 
a manufacturing plant has revealed some startling 
figures: 4% reported a history of systemic-sting reac- 
tions, and slightly more than 20% had either RAST or 
skin-test evidence of sensitization to at least one 
Hymenoptera venom. I5 It is known from studies that 
involve deliberate sting challenges of adults with 
previous histories of systemic reactions that the repeat 
reaction rate in unimmunized persons is about 60% .I6 
We do not have a figure for the reaction rate of indi- 
viduals with positive skin tests without previous reac- 
tions, although from studies of patients with positive 
skin tests and histories of large local but no systemic 
reactions, we know that about 5% of such persons 
will subsequently have systemic reactions to stings. 
Whatever the risk of a systemic reaction may be in the 
individual with a positive skin test to venom but with- 
out a previous reaction, it seems that the figure will be 
sufficiently low to make the routine use of venom skin 
testing as a screening procedure unwarranted. 

Trials of venom therapy 

The first patient immunized with venom by the 
Baltimore investigators was a beekeeper’s son whose 
sister had previously succumbed to a honeybee-sting 
reaction.” The initial attempts to immunize him with 
whole-body extract met with failure, and his father 
agreed to collect bee venom manually for use in the 
son ‘s treatment. Each droplet of venom, fresh from a 
bee, dried in moments; the remaining solids weighed 
about 50 pg per droplet (or “sting”). On this basis it 
was planned to aim for an eventual immunizing dose 
of 100 pg. It was believed that if a patient could 

tolerate an injection containing twice the venom in an 
average sting, then a satisfactory immune state would 
have been achieved. The patient’s father was stung 
from 50 to 100 times a week without reaction while at 
work, and a high titer of “blocking” antibody was 
found in his serum, when the antibody was measured 
by the capacity of dilutions of his serum to inhibit in 
vitro bee-venom induced histamine release from the 
leukocytes of a bee-venom sensitive patienr. The 
child was immunized with a sterile solution of the 
venom collected by his father, and when he, too, had 
a high titer of blocking antibody to bee venom, he was 
challenged with a bee sting as an inpatient ~ Iie had a 
mild local reaction to the sting but no systemic reac- 
tion. The success of this case led to the treatment of a 
small additional series of patients with venom who 
also were challenged successfully with stings from 
live insects.” About the same time, the presumption 
that insect allergy was IgE mediated was being 
confirmed by experiments in the laboratory. As men- 
tioned above the leukocytes of venom-allergic pa- 
tients released histamine on being challenged in vitro 
with venoms, and normal control cells did not release 
histamine unless exposed to toxic concentrations of 
venom ( 10 pg and above). It was found that the serum 
of many insect-allergic patients had the ability to sen- 
sitize the basophils of nonallergic individuals for 
venom- induced histamine release and that removal of 
the IgE from such sera with an appropriate immu- 
nosorbent removed this ability. lR 

Soon after leukocyte (basophil) histamine-release 
experiments established the useful range of venom 
concentrations, skin testing with venoms was cau- 
tiously attempted and found to be a usable technique 
for the confirmation of the venom-sensitive state.‘” 
The maximum concentration of venom that could be 
used without increasing the possibility of false posi- 
tive response to an unacceptable level was 1 .O &ml, 
although more recently the 3.0 pg/ml concentration 
has been used without problems. A troublesome 
question is whether a positive response to a high 
venom test concentration means as much as a positive 
response to a low concentration. HunP found that 
nearly 25% of patients with systemic reactions to 
stings would have been missed if the patients had not 
been tested with a range of concentrations that in- 
cluded 1 .O pg/ml. One might wonder if the severity 
of the sting reaction can be correlated with the sen- 
sitivity of the patient on skin testing. Although in 
general these variables may be correlated, there are 
such large numbers of significant exceptions le .g., 
severe reactions with positive skin tests only at 1 .O 
pg/ml), it is not safe to assume that less skin test 
reactivity means less risk of a severe reaction to a 
sting. 
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Graph I. Taxonomy of honeybees, hornets, wasps, and yellow jackets. 

Oarr: study comparing the efficacy of venom therapy 
o or whole -body extract therapy has been 
6 In that study the test of efficacy was the 

deliberate sting challenge, and under the 
the study, venom was clearly the im- 

munizing agent of choice. The sting-reaction rate in 
both placebo and whole-body extract treated patients 
aas about 60%, but only 5% sting-reaction rate in 
venom-treated patients. Subsequent studies have dem- 
onstrated that the IgG response and treatment efficacy 
are venom-dose dependent2’ and have prompted crit- 
ics of the comparative trial to suggest that had a larger 
dose of whole-body extract been used, a therapeutic 
effect would have been observed. This seems un- 
likely, since most whole-body extract preparations 
are found to have little or no venom content.‘a 

Other trials of venom therapy have been conducted 
but without controls. Although in all trials a small 
failure rate has been observed, it was at first not clear 
what patients were at risk of reactions in spite of 
venom therapy. Although venom therapy was associ- 
ated with an increase in serum-IgG antibodies to 
venom, the number of treatment failures has been so 
low as to make it difficult to collect a sufficient num- 
ber for evaluation. As the number of such patients 
has accumulated and with the development of a more 
dependable assay for IgG antibodies on the basis of 
the affinity of Stu~hylococc~s protein A for three of 
the four human-IgG subclasses,22 a pattern has 
emerged that helps clarify the quantitative relation- 
ship of IgG antibodies to protection from insect-sting 
reactions. After 4 mo of venom therapy, about 5% of 
adult patients had an IgG-antibody level below 3 
pg/ml .23 Coupled with the observation that treatment 
failures are more frequent when IgG-antibody levels 
are below 3 pg/ml, it now appears possible to detect 
that fraction of the venom-immunized population that 
is at risk of a sting reaction in spite of venom immuno- 
1 herapy . Increasing the immunizing dose by 50% to 

100% is usually associated with the development of 
adequate serum levels of IgG antibody.” 

Venom immunotherapy also leads to a rise in IgE 
antibodies to venom within a few weeks after starting 
treatment. This does not persist, however, and the 
fear that venom immunotherapy might iatrogeni- 
tally prolong the venom-sensitized state appears un- 
founded. Additional evidence for the protective role 
of IgG antibodies to venom was provided by experi- 
ments in which honeybee-allergic patients were in- 
jected with a gamma globulin fraction of the plasma 
of hyperimmune beekeepers.24 In this study, it was 
first established at what dose of venom each patient 
would demonstrate signs of a systemic allergic reac- 
tion. Administration of venom was fotlowed by a 2 to 
3 wk period during which the patients were refractory 
to venom administration; sensitivity to venom injec- 
tions returned after the immune globulin dissipated. 

Venom constituents 

The teleologic explanation for the variety of sub- 
stances found in Hymenopteran venoms is that in 
general these insects use stinging either as a means of 
defense or of capturing prey. A large vespid found in 
North America, the Cicada Killer, paraIyzes a cicada 
with a sting before hauling it back to its burrow for 
lunch for its offspring. The honeybee is apparently 
vegetarian, however, and will sting only in defense. 
In all Hymenoptera the stinging apparatus is a mod- 
ified ovipositor; thus males do not sting. 

The pain of a sting is due to the irritant effects 
of the venom constituents, which include vasoac- 
tive amines, small polypeptides, and larger protein 
molecules. 

The taxonomy of the honeybee and the vespids 
is presented in Graph I. 25 This is shown in order to 
clarify the relationship of cross-reacting antigens that 
are found in the venoms of certain of these insects. In 
Table I are listed the known proteins and peptides of 
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TABLE I. Known protein and peptide components 
in the venoms of honeybee and vespids 

Honeybee venom Vespid venoms 

Molecular % of Molecular % of 
weight venom 1 weight venom 

Proteins 
Phospholipase A2 15,800 12 - 0 
Phospholipase A, - 0 37,000 6 to 14 
Hyaluronidase 45,000 2 43,000 I to 3 
Antigen 5 - 0 23,000 3 to IO 
Acid phosphatase 49,000 na 49,000 na 
Peptides 
Melittin 2,840 50 - 0 
Apamin 2,038 2 - 0 
Mast cell 2,593 2 1,600 na 

degranulating 
peptide 

Kinin - 0 1,200 na 

na = not available. 

honeybee and vespid venoms.25 Venom peptides have 
a variety of physiologic activities, but none is known 
to be antigenic except melittin in honeybee venom. 
All of the venom proteins have enzyme activities ex- 
cept vespid antigen 5. This antigen resembles a pro- 
tein that is found in the venom of an Asian hornet for 
which neurotoxicity has been found in a crustacean. 

The three proteins in honeybee venom that are al- 
lergenically important are phospholipase AZ, hyal- 
uronidase, and acid phosphatase. In addition, the 
polypeptide melittin is also antigenic, possibly be- 
cause it can associate to yield a tetramer the size of a 
small protein (the monomer contains 26 amino acid 
residues). Bee-venom phospholipase A2 contains 128 
amino acid residues compared to the 123 amino acid 
residues in the human enzyme.26 The sequences are 
‘known, and there seems to be little or no structural 
homology between the bee and the human forms.27 

The three vespid-venom proteins that have been 
purified to an extent that is necessary for analysis are 
antigen 5, hyaluronidase, and phospholipase Al. 
Hornet, wasp, and yellow jacket venoms contain 
these same homologous proteins, although in varying 
proportions. As noted above no functional activity 
has been shown for antigen 5. The proteins from the 
different species of yellow jacket venoms shown in 
Graph I are very similar chemically and can be con- 
sidered virtually identical. However, there are some 
antigenic differences between these and the venom 
proteins of Vespulu squamosa, a yellow jacket com- 
mon in the southeastern United States.“8 When the 
homologous proteins from hornet, wasp, and yellow 
jacket venoms are compared, small chemical differ- 

ences are apparent. However, no structural data are 
available on any of the vespid-venom proteins. 

Although honeybee and vespid venoms both have 
phospholipase and hyaluronidase activity, the phos- 
pholipase A2 in bee venom is unlike the phos- 
pholipase A1 in vespid venoms. Similarly, the pro- 
teins with hyaluronidase activities from the two types 
of venoms are not the same. Since there is consider- 
able cross-reactivity between the protein antigens of 
the hornets and yellow jackets, skin testing with these 
venoms often leads to a picture of multiple positive 
skin tests. It may be impossible to discriminate on 
clinical grounds between the case in which sensitiza- 
tion to multiple species has occurred and the case in 
which sensitization to a single species has resulted in 
multiple positive skin tests because of cross-reactiv- 
ity. King and Valentine’” have suggested that skin 
testing with individual venom proteins may help elim- 
inate confusion because of animal studies that show 
differing degrees of antibody reactivity depending on 
whether the authentic or a cross-reacting antigen is 
used. RAST inhibition is a laboratory technique that 
may also help solve this problem, albeit at consider- 
able expense. 

Criteria for venom immunotherapy 

The immunology of insect allergy is somewhat 
clearer now than two decades ago but many unre- 
solved questions exist. One of the most important 
questions is how to decide what patient should be 
started on venom immunotherapy. This question was 
one of the reasons for-beginning a study of insect 
allergy in children 5 yrs ago.2”, 3o Children with urti- 
carial, nonlife-threatening reactions were chosen for 
study because the risk seemed least and because the 
potential benefit seemed greatest if definite criteria 
could be established that would help select patients 
for treatment. Although the long-term intent of the 
study was to find clinical or immunologic qualities 
that signaled the need for venom prophylaxis, the 
short-term findings have been of great interest. The 
study was designed to compare the results of acciden- 
tal stings in children with positive skin tests and his- 
tories of nonlife-threatening reactions to stings who 
were randomly assigned either to venom therapy or 
no venom therapy. Both groups were instructed in 
sting avoidance and emergency self-treatment of 
stings. It was anticipated that a significant proportion 
of the group that did not receive venom treatment 
would have systemic reactions to stings, and some 
reactions would be worse than the original reactions. 
Although the rate of repeat reactions observed in 
adults had been 60%, it was suspected that the rate 
would be a little lower. However, the repeat reaction 
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rate was strikingly lower. Only 10% of stings resulted 
in reactions, most of these were not as severe, and 
none were worse than the original sting reaction. Im- 
munologic revelance of the culprit insect was estab- 
lished in about 90% of cases. In the group that re- 
ceived venom treatment, immunotherapy did result in 
a significant reduction of the reaction rate with sub- 
sequent stings. However, one may question whether 
the small observed benefit in this population of chil- 
dren with urticarial reactions is worth the expense and 
effort involved, if all such children were to be im- 
munized with venom. 

Since not a single child experienced a sting reaction 
H’orse than the original, it no longer seems reasonable 
to frighten patients with the possibility that “the next 
sting may be your last. ” By contrast, analysis of sting 
fatalities reveal that about one half of patients who 
died from venom allergy had previously experienced 
a milder reaction. This is not a fair comparison be- 
cause prospective and retrospective data, which was 
different population bases, cannot be compared. It 
does underline the need for better data regarding those 
patients, rare though they may be, whose reactions 
become progressively worse or terminate fatally. 

If the criteria for establishing venom immunother- 
apy were clearly established, then one would know 
not only when to start it but also how long it should be 
continued. Many investigators have tried to reduce to 
a mathematical certainty the quantitative relationship 
between antivenom IgE and IgG antibodies in the 
hope of predicting risk of sting reactions. These at- 
tempts have failed, which allows us to say only that 
the presence of IgE antibodies to venom is one of an 
unknown number of risk factors for reactions to 
stings. It has thus been of interest to observe that there 
is. on average, a progressive decline in serum-IgE 
antibodies to venom in children who have been fol- 
lowed both with and without immunotherapy. There 
has also been a decline in the skin test reactivity of 
some but not all children who have been followed. 
Transient boosts in 1gE antibodies have occurred after 
initiation of venom immunotherapy and after stings. 
In some treated children whose skin tests have be- 
come negative up to 1 .O Fg/ml of venom, a positive 
RAST has been observed.s’ Although this could be 
construed to mean that the sensitivity of skin mast 
cells has declined, it may reflect the occasional in- 
adequacy of even high concentrations of skin-testing 
venom in detecting low levels of sensitivity. It seems 
reasonable to believe that a change from a positive to 
a negative venom skin test signals that venom therapy 
can be stopped. This hypothesis is being tested, and 
the positive RAST-negative skin test anomaly is being 
closely observed. 

Treatment of acute reactions 

The study that was mentioned earlier”’ provided the 
investigators with the opportunit! to observe the im- 
munologic and physiologic consequence.> of acute re-. 
actions to insect stings.“’ In three unimmunized or 
whole-body extract immunized patients whose reac- 

tions included hypotension, hemodynamic effects 
began within 1 to 3 min of the stings and peaked 
within 60 sec. Interestingly, in j 1 patients with ur- 

ticaria, even massive (50% to 75’;i of body surface 
involvement) urticaria, no cardiopulmonap changes 
were observed. One of the three hypotensive patients 
responded rapidly to Trendelenburg positmn, intrave- 
nous infusion of saline, and 0.5 cc of‘ ! : 1000 epi- 
nephrine administered subcutaneously. in a second 
patient, similar treatment resulted in no change. and 
shock persisted for 90 min, which required additional 
volume replacement. intravenous 1 : 10,000 epineph- 
rine, and also norepinephrine bitartrate. This patient 
received 2% L of fluid and 3.5 mg 01’ epinephrine 
before recovering. In the third patient. anaphylaxis 
persisted for 2 hr in spite of aggressive therapy. which 
eventually included approximately 5 L 01 fluid. 7 mg 
of epinephrine, and I gm of hydrocortisone acetate. 
There was a modest increase in plasma histamine in 
60% of challenged patients that did not correlate with 
the presence of skin lesions. In two crf’ rhe three 
hypotensive patients, striking increases in plasma his- 

tamine were observed. In these patients, clotting fac- 
tors V and VIII were decreased during ;inaphylaxis, 
as were fibrinogen levels. Complement components 
C3 and C4 showed an acute drop in only one patient. 
No acute changes in serum-1gE antibodic\ to venom 
were seen. 

In view of the severity of and the difficulty in treat- 

ing two of the 14 observed reactions, the physician 
must temper his enthusiasm for the effectiveness of 
subcutaneous epinephrine in the management of ana- 
phylaxis. It is without question highly effective in 
most acute sting reactions but may he insufficient for 
the very severe reactions. In this regard it should be 
noted that in all 14 cases, the clinical pattern of reac- 
tions resembled the patient’s previous reaction. Epi- 
nephrine is the drug of first choice for anything but 
trivial reactions. Mild urticaria may be managed with 
antihistamines, although large doses parenterally may 
induce somnolence and hypotension that confuse the 
clinical course. Corticosteroids cannot he expected to 
have an effect within any time period relevant to an 
acute reaction, and it is not clear whether they arc of 
any benefit in acute sting reactions. 

Large local reactions to stings are probably I.@ 
mediated but call for a different approach. Antihis- 
tamines and nonsteroid anti-inflammatory agents 
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seem to help, but neither they nor the popular short 
course of steroids has been compared to placebo 
therapy. 

Summary 

Allergy to insect venom is IgE mediated. Un- 
treated, it occasionally terminates fatally and often 
causes temporary illness. Medical intervention with 
venom immunotherapy in patients with prior systemic 
reactions presents reactions to stings by inducing 
IgG-antibody formation, although in some groups of 
patients this results in little real benefit. Emergency 
self-treatment kits, (Epi-Pen and Epi-Pen Jr., Center 
Laboratories, Port Washington, N.Y .; Ana Kit, Hol- 
lister-Stier, Spokane, Wash.) if promptly and in- 
telligently used, may reverse most moderate sting 
reactions. Some severe reactions require aggressive 
therapy. Until better treatment criteria are available, 
the most certain way of reducing the risk of systemic 
reactions to stings is with venom immunotherapy. 

REFERENCES 

1. Braun LIB: Notes on desensitization of a patient hypersensitive 
to bee stings. S Afr Med Ret 23408, 1925 

2. Benson RL, Semenov I-I Allergy in its relation to bee sting. J 
ALLERGY 1:105, 1930 

3. Foubert EL, Stier RA: Antigenic relationship between hon- 
eybees, wasps, yellow hornets, black hornets and yellow 
jackets. J ALLERGY 2913, 1958 

4. Langlois C, Shulman S, Arbesman CE: The allergic response 
to stinging insects. III. The specificity of venom sac antigens. J 
ALLERGY 36:109, 1965 

5. Bemton HS, Brown H: Studies on the Hymenoptera. I. Skin 
reactions of normal persons to honeybee extract. J ALLERGY 
36:315, 1965 

6. Schwartz HJ: Skin sensitivity in insect allergy. JAMA 
194~113, 1965 

7. Loveless MH, Fackler WR: Wasp venom allergy and immu- 
nity. Ann Allergy 14:347, 1956 

8. Loveless MH: Immunization in waspsting allergy through 
venom repositories and periodic insect stings. J Immunol 
89:204, 1%2 

9. Reisman RE: Stinging insect allergy. J ALLERGY CLIN IM- 
MUNOL 64:3, 1979 

10. Torsney PJ: Treatment failure: insect desensitization. J AL- 

11. 

12. 

13. 

14. 

15. 

LERGY CLIN IMMUNOL 52:303, 1973 
Lichtenstein LM, Valentine MD, Sobotka AK: A case for 
venom treatment in anaphylactic sensitivity to Hymenoptera 
sting. N Engl J Med 290~1223, 1974 
Busse WW, Reed Cl?, Lichtenstein LM, Reisman RE: Immu- 
notherapy in bee sting anaphylaxis. Use of honeybee venom. 
JAMA 231:1154, 1975 
Settipane GA, Boyd GK: Prevalence of bee sting allergy in 
4992 Boy Scouts. Acta Allergol 25:286, 1970 
Settipane GA, Newstead GJ, Boyd GK: Frequency of 
Hymenoptera allergy in an atopic and normal population. J 
ALLERGY CLIN IMMUNOL 50:146, 1972 
Golden DBK, Valentine MD, Kagey-Sobotka A, Lichtenstein 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

J. ALLERGY CLIN. IMMUNOL. 
MARCH1984 

LM: Prevalence of Hymenoptera venom allergy. J ALLERGY 
CLIN IMMUNOL 69(Suppl):l24, 1982 
Hunt KJ, Valentine MD, Sobotka AK, Benton AW, Amodio 
FJ, Lichtenstein LM: A controlled trial of immunotherapy in 
insect hypersensitivity. N Engl J Med 299:157, 1978 
Valentine MD, Hunt KJ, Sobotka AK, Lichtenstein LM: 
Venom immunotherapy for Hymenoptera hypersensitivity: re- 
sults in whole body extract treatment failures and newly diag- 
n0sedpatients.J ALLERGY CLIN IMMIJNOL 57:247, 1976 
Sobotka AK, Valentine MD, Benton AW, Lichtenstein LM: 
Allergy to insect stings. I. Diagnosis of IgE-mediated 
Hymenoptera sensitivity by venom-induced histamine release. 
J ALLERGY CLIN IMMUNOL 53:170, 1974 
Zeleznick LD, Hunt KJ, Sobotka AK, Valentine MD, Tippett 
LO, Lichtenstein LM: Diagnosis of Hymenoptera sensitivity 
by skin testing with Hymenoptera venoms. J ALLERGY CLIN 
IMMUNOL 592, 1977 
Hunt KJ, Valentine MD, Sobotka AK, Lichtenstein LM: Di- 
agnosis of allergy to stinging insects by skin testing with 
Hymenoptera venoms. Ann Intern Med 85:56, 1976 
Golden DB, Kagey-Sobotka A, Valentine MD, Lichtenstein 
LM: Dose dependence of Hymenoptera venom immunother- 
apy. J ALLERGY CLIN IMMUNOL 67:370, 1981 
Hamilton RG, Adkinson NF Jr: Quantitation of antigen- 
specific immunoglobulin G in human serum. Il. Comparison 
of radio immunoprecipitation and solid-phase radio immuno- 
assay techniques for measurement of immunoglobufin G 
specific for complex allergen mixture (yellow jacket venom). J 
ALLERGY CLIN IMMUNOL 67:14, 1981 
Golden DBK, Valentine MD: Allergen-specific IgG antibody 
measurements in the management of immediate hypersensitiv- 
ity to Hymenoptera venoms. J Clin Immunoassay 6:172,1983 
Lessof MI-I, Sobotka AK, Lichtenstein LM: Effects of passive 
antibody in bee venom anaphylaxis. Johns Hopkins Med J 
142:1, 1978 
King TP, Valentine MD: Allergens of Hymenopteran venoms, 
in Solomon W, editor: Clinical review in allergy: allergens. 
New York, Elsevier Biomedical Press (in press) 
Verheij HM, Westerman J, Stemby B, DeHaas GH: The 
complete primary structure of phospholipase AZ from human 
pancreas. Biochim Biophys Acta 747:93, 1983 
Shipolini RA, Callewaert GL, Cottrell RC, Vernon CA: The 
amino acid sequence and carbohydrate content of phos- 
pholipase A, from bee venom. Em J Biochem 48:465, 1974 
Hoffman DR, McDonald CA: Allergens in Hymenoptera 
venom. VIII. Immunologic comparison of venoms from six 
species of Vespula (yellow jackets). Ann Allergy 48:78, 1982 
Schuberth KC, Lichtenstein LM, Kagey-Sobotka A, Szklo M, 
Kwiterovich KA, Valentine MD: An epidemiologic study of 
insect allergy in children. I. Characteristics of the disease. J 
Pediatr 100~546, 1982 
Schuberth KC, Lichtenstein LM, Kagey-Sobotka A, Szklo M, 
Kwiterovich KA, Valentine MD: Epidemiologic study of in- 
sect allergy in children. II. Effect of accidental stings in aller- 
gic children. J Pediatr 102:361, 1983 
Graft DF, Schuberth KC, Kagey-Sobotka A, Kwiterovich KA, 
Niv Y, Lichtenstein LM, Valentine MD: The development of 
negative skin tests in children treated with venom immuno- 
therapy. J ALLERGY CLIN IMMUNOL 73:61, 1984 
Smith PL, Kagey-Sobotka A, Bleecker ER, Traystman R, 
Kaplan AP, Grahrick H, Valentine MD, Permutt S, Lichten- 
stein LM: Physiologic manifestations of human anaphylaxis. J 
Clin Invest 66:1072, 1980 


