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Skin testing was done on 30 patients with a history of 
anaphylactic reactions after a Hymenoptera sting and on 
30 control subjects. The patients all had positive basophil-
histamine release to one or more venoms on challenge 
with the specific venoms used for skin testing (honey bee, 
yellow jacket, white-faced hornet, yellow hornet, and 
Polistes). At 0.1 fig of venom/ml and at 1.0 jig of 
venom/ml, 7 5 % and 100%, respectively, of the sensitive 
patients had a positive skin test. There was a significant 
(P < 0.001) correlation between skin test and histamine 
release results. Of the 150 skin tests in control patients, 
only 1 was positive. Venom skin tests provide, for the 
first time, a simple, readily available technique to 
accurately diagnose allergy to stinging insects. 

T ECHNIQUES for the diagnosis of anaphylactic sensitivity to 
Hymenoptera stings have been difficult to establish. After 
the work of Benson and Semenov (1) in 1930, there were 
a number of uncontrolled reports that skin test reactivity 
to whole body extracts of Hymenoptera correlated well 
with the severity of the sting reaction (2) . In two con­
trolled studies it was found, however, that skin tests using 
the only commercially available diagnostic reagents, whole 
body extracts of Hymenoptera, did not discriminate be­
tween hypersensitive patients and control subjects (3, 4 ) . 
Consequently, the diagnosis of anaphylactic sensitivity to 
Hymenoptera stings, in the estimated 0.4% to 0.8% of 
various population samples reporting systemic reactions 
after a sting, is left to the history alone (5, 6) . If the ex­
perience with skin testing in penicillin allergy can be used 
as a comparison, 66% to 85% of patients reporting reac­
tions suggestive of anaphylactic sensitivity fail to show 
persistent sensitivity when skin tested and challenged (7, 
8) . This has important therapeutic implications, since 
many of these people live in fear of another sting or are 
begun on a lifelong treatment regimen that may not be 
entirely effective (9-12). 

In an attempt to clarify this diagnostic situation, we used 
an in-vitro model of human allergic reactions, IgE-medi-
ated histamine release from human basophils. In this 
system, cell-bound IgE antibodies to venom proteins trigger 
the release of histamine, which is measured fluorometri-
cally. We showed that, in most patients with a clear history 
of systemic reactions to Hymenoptera stings, IgE antibodies 
were present to mediate the release of histamine from 
basophils, and that sensitive patients could be clearly 
distinguished from normal subjects (13). This distinction, 
however, was not possible until the venoms of the various 
Hymenoptera species were used. Commercially available 
whole body extracts of Hymenoptera species failed to dem­
onstrate histamine release significantly different from that 
which occurred in normal control subjects. We also con­
firmed previous reports that skin tests with the whole body 
extracts failed to distinguish between allergic patients and 
normal control subjects. 

Since results obtained by histamine release have con­
sistently correlated with skin tests results in pollen-sensitive 
patients (14), it seemed important to explore the diagnos­
tic usefulness of skin testing with Hymenoptera venoms. 
Our study shows the correlation of skin tests and histamine 
release using Hymenoptera venoms. More importantly, it 
documents the ability of venom skin tests to clearly dis­
criminate between Hymenoptera-allergic patients and con­
trol subjects. 

Materials and Methods 

Thirty patients were selected who, after an insect sting, 
experienced one or all of the following: [1] generalized urti­
caria or angioedema, or both; [2] respiratory difficulty due either 
to laryngeal edema or bronchospasm; and [3]vascular collapse, 
with or without the loss of consciousness. These reactions de­
veloped within minutes of the sting, were severe, and required 
emergency treatment by a physician. In addition, all patients 
studied had 50% histamine release to at least one venom. The 
reaction to the insect sting occurred at least 2 weeks before 
skin testing or histamine-release studies, and in most cases 
within the preceding 2 to 6-month period. Thirty volunteers 
with no history of Hymenoptera sensitivity served as control 
subjects. Fifteen of these controls were atopic, that is, they had 
seasonal allergic rhinitis with positive skin tests to ragweed or 
grass pollen, or both. Informed consent was given by patients 
and control subjects before study. 
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Figure 1. Histamine release-dose response curves compared with the skin test results in two patients. A. The patient is sensitive only to 
honey bee venom. B. The patient is sensitive to the three vespid venoms. 

The antigens used for skin testing and histamine release in­
cluded the individual venoms of honey bee, yellow jacket, 
yellow hornet, white-faced hornet, and a species of the Polistes 
paper wasp. These venoms appear to be responsible for more 
than 95% of reported reactions to Hymenoptera stings (15). 
Honey bee venom was collected by electrical stimulation (16) 
and the other venoms by extraction from crushed venom sacs. 
Materials so obtained behaved identically in histamine-release 
studies to those obtained by micropipet from the venom sac. 
The venoms were lyophilized after collections, weighed, diluted 
in Tris-buflered saline at pH 7.6, and stored as 10 mg/ml 
solutions at — 20 ° C until used. Each month venoms were 
thawed, and serial dilutions using Tris-buffered saline with 
0.03 % human serum albumin were made for skin testing. 

Determination of hypersensitivity to venoms by histamine 
release was carried out as previously reported (13). After 
preliminary scratch tests were found to be negative, direct 
skin testing of patients and control subjects was carried out 
by the intradermal injection of 0.05 ml of test solution. The 
starting concentration of the venoms was 1 ng solid/ml and 
was increased in tenfold increments to 1 /ig/ml or until a 
positive skin test was obtained. Skin reactions were evaluated 
at 15 minutes, and a positive skin test was defined as any 
reaction graded 1+ or more, that is, wheal, 5 to 10 mm, and 
erythema, 10 to 20 mm. 

Results 

Figure 1 shows two representative dose response curves 
of a patient's leukocytes challenged with increasing con­
centrations of the five Hymenoptera venoms. Shown in the 
inset are the corresponding skin test results. The first pa­
tient (Figure 1A) was sensitive only to honey bee venom; 
50% histamine release was obtained at IO-3 /xg/ml and 
a 1+ positive skin test at 10_1 /xg/ml. The second patient 
(Figure IB) showed sensitivity to three of the five venoms 
tested—yellow jacket, yellow hornet, and white-faced 
hornet. Again, the histamine-release data were paralleled 
by positive and negative skin responses. The correlation 
between the results of histamine release and skin tests with 
the five venoms in 30 hypersensitive patients was satisfac­
tory (rs = 0.6, P < 0.001), as indicated in Figure 2. This 
correlation is exclusive of data obtained when a patient 
did not have 50% histamine release to a particular venom, 
remembering a patient may be sensitive to only one venom. 

If the double negative data were included, the correlation 
coefficient would increase to 0.92, P < 0.001. Control 
subjects are not shown since no control tested released 
50% of his cellular histamine at any concentration of 
venom used. 

There were four patients, each sensitive to more than 
one venom, who had a positive skin test to a particular 
venom but did not have a corresponding 50% histamine 
release. By history, these patients did not differ from the 
others, and, while we have no exact explanation for this 
finding at present, this phenomenon has been previously 
described with grass and ragweed extracts (14, 17). In no 
instance was histamine release obtained when skin tests 
were negative. The data obtained from skin testing 30 
patients who were Hymenoptera hypersensitive and 30 

Figure 2. Correlation of 5 0 % histamine release with positive skin 
test in sensitive patients using Hymenoptera venoms. 
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Figure 3. A comparison of skin test results with Hymenoptera 
venoms in hypersensitive patients and control subjects. 

control subjects with the five venoms are presented graphi­
cally in Figure 3. Twenty-three of the hypersensitive pa­
tients had a positive skin test to one or more of the venoms 
at a concentration of 0.1 /xg/ml, and all 30 patients had 
a positive skin test to at least one venom at the 1 /xg/ml 
concentration. Only 1 control subject in 30, an atopic 
person, had a single positive skin test. 

Discussion 

The inability to diagnose patients anaphylactically sen­
sitive to Hymenoptera stings by skin testing with whole 
body extracts represents a major deficit in our ability to 
cope with the potential 1 000 000 Americans at risk. It 
also led us to question the pathogenesis of this entity, that 
is, were these reactions truly allergic in the sense of being 
mediated by IgE antibody? In the case of penicillin allergy, 
it has been shown that the reliability of skin testing is 
critically dependent on using the correct antigens for test­
ing (18). Once these were identified, the presence of IgE 
antibodies to penicillin and its metabolites could be regu­
larly identified by skin test (7). In the case of Hymen­
optera sensitivity, once it was established that sensitive 
patients had IgE antibody against venom antigens and 
not to the whole body extract proteins, it seemed highly 
probable that venom antigens would prove to be diagnos-
tically useful. 

Because of the novelty of these reagents, they were first 
evaluated in vitro using histamine-release techniques. Since 
this methodology is complex, expensive, and not generally 
available, the next step was to carry out skin testing studies. 
Our report indicates unequivocally that the venom skin 
test results correlate with the histamine-release data, and 
that these reagents are highly useful for diagnostic pur­
poses. 

During the course of this study, it was found that dialysis 
of the venoms did not alter histamine release or skin test 
results. To rule out the possibility of excluding an ap­
propriate antigen, nondialyzed venoms were used. When 
venom concentrations of 10 ̂ g/ml and 100 /xg/ml were 
used for skin testing, the difference between hypersensitive 

patients and control subjects became less marked. Both 
groups showed a wheal and flare response to all venoms 
at 100 /xg/ml. We believed that this represented a toxic 
response to the venoms at concentrations that approach 
those of a natural sting—about 50 /xg. 

It is difficult to overstate the clinical importance of these 
observations. The inadequacy of present skin test materials 
has limited the physician's ability to gauge correctly the 
presence of anaphylactic sensitivity and to recommend 
appropriate therapy. In this situation, allergists have relied 
on years of clinical experience as their basis for recom­
mending desensitization with mixed Hymenoptera whole 
body extracts for any patient having a history of a sys­
temic reaction to an insect sting. This, combined with the 
use of emergency kits containing epinephrine for injection, 
has kept mortalities to a minimum and will need to be 
used as necessary until venom materials become available. 

Hymenoptera venoms prepared under a contract sup­
ported by the National Institute of Allergy and Infectious 
Diseases will be available to some of that institute's Allergic 
Disease Centers for further uses as a diagnostic material 
in 1976. Once the patients at risk are better defined, then 
a more rational therapeutic plan can be devised. Unneces­
sary fear and treatment regimens hopefully can be obvi­
ated. Development of venom preparations for immuno­
therapy is presently underway and should be of additional 
assistance in the management of Hymenoptera hypersen­
sitivity (9, 11). 

ACKNOWLEDGMENTS: Grant support: by Research Grant Al 
08270 and Clinical Center for Allergic Diseases Grant AI 10304, 
from the National Institute of Allergy and Infectious Diseases, the 
National Institutes of Health, Bethesda, Maryland. 

This paper is publication no. 183 from the O'Neill Laboratories, 
The Good Samaritan Hospital. 

Received 8 October 1975; revision accepted 19 March 1976. 

• Requests for reprints should be addressed to Kevin J. Hunt, M.D.; 
The Johns Hopkins University School of Medicine at The Good 
Samaritan Hospital, 5601 Loch Raven Blvd.; Baltimore, MD 21239. 

References 
1. BENSON RL, SEMENOV H: Allergy in its relation to bee sting. 

J Allergy 1:105-116, 1930 
2. MUELLER HL: Further experiences with severe allergic reactions 

to insect stings. N Engl J Med 261:374-377, 1959 
3. SCHWARTZ HJ: Skin sensitivity in insect allergy. JAMA 194:703-

705, 1965 
4. BERNTON HS, BROWN H: Studies on the Hymenoptera. I. Skin 

reactions of normal persons to honey bee (Apis mellifera) 
extract. J Allergy 36:315-320, 1966 

5. SETTIPANE GA, BOYD GK: Prevalence of bee sting allergy in 
4,992 boy scouts. Acta Allergol (Kbh) 25:286-291, 1970 

6. SETTIPANE GA, NEWSTEAD GJ, BOYD GK, et al: Frequency of 
Hymenoptera allergy in an atopic and normal population. J 
Allergy Clin Immunol 50:146-150, 1972 

7. LEVINE BB, ZOLOV DM: Prediction of penicillin allergy by 
immunological tests. J Allergy 43:231-244, 1969 

8. ADKINSON NF JR, THOMPSON WL, MADDREY WC, et al: Routine 
use of penicillin skin testing on an inpatient service. N Engl J 
Med 285:22-24, 1971 

9. LICHTENSTEIN LM, VALENTINE MD, SOBOTKA AK: A case for 
venom treatment in anaphylactic sensitivity to Hymenoptera 
sting. N Engl J Med 290:1223-1227, 1974 

10. VALENTINE MD, SOBOTKA A, LICHTENSTEIN LM: Blocking 
antibody to bee venom: induction by venom and not by whole 
body extracts (abstract). / Allergy Clin Immunol 53:105, 1974 

11. BUSSE WW, REED CE, LICHTENSTEIN LM, et al: Immunotherapy 
in bee sting anaphylaxis. Use of honey bee venom. JAMA 321: 
1154-1156, 1975 

12. TORSNEY PJ: Treatment failure: insect desensitization case 
reports of fatalities. J Allergy Clin Immunol 52:303-306, 1973 

5 8 July 1976 • Annals of Internal Medicine • Volume 85 • Number 1 

Downloaded From: https://annals.org/ by a Tulane University User  on 08/03/2018



13. SOBOTKA AK, VALENTINE MD, BENTON AW, et al: Allergy to 
insect stings. I. Diagnosis of IgE-mediated Hymenoptera sensi­
tivity by venom-induced histamine release. / Allergy Clin 
Immunol 53:170-184, 1974 

14. NORMAN PS, LICHTENSTEIN LM, ISHIZAKA K: Diagnostic tests 
in ragweed hay fever. J Allergy Clin Immunol 52:210-224, 
1973 

15. BROWN H, BERNTON HS: Allergy to the Hymenoptera, clinical 
study of 400 patients. Arch Intern Med 125:665-669, 1970 

16. BENTON AW, MORRIS RA, STUART JD: Venom collection from 
honey bees. Science 142:228-230, 1963 

17. LICHTENSTEIN LM, NORMAN PS, WINKENWERDER WL: A single 
year of immunotherapy for ragweed hay fever. Immunologic and 
clinical study. Ann Intern Med 75:663-671, 1971 

18. SIEGEL BB, LEVINE BB: Antigenic specificities of skin-sensitizing 
antibodies in sera from patients with immediate systemic allergic 
reactions to penicillin. J Allergy 35:488-498, 1964 

Hunt et a). • Testing with Hymenoptera Venoms 59 

Downloaded From: https://annals.org/ by a Tulane University User  on 08/03/2018


