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We evaluated the diagnostic parameters (sting rate, venom-specific RAST IgE, venom-specific 
RAST IgG, venom-specific IgG,, venom-specific skin test) of 224 individuals at risk of 
honeybee sting, assigned them a level of risk on the basis of a hypothetical risk model, and then 
sting challenged each subject with a live honeybee. Of the 70 subjects at the lowest risk level, 
only three (4.3%) experienced equivocal or mild systemic reactions, whereas eight (72.770) of 
the 1 I at the highest risk level experienced systemic reactions, of which five (45.5%) were 
severe. increase in risk level was associated with an increased proportion of systemic reactions 
( p < 0.001). Of the individual diagnostic parameters, venom-specific RAST IgE was the best 
single predictor of reactivity (likelihood ratio = 0.759, p -C 0.01). Venom-specijic skin testing 
at a concentration of 0.1 M/ml was a better discriminator than a concentration of 1.0 M/ml 
but did not predict one severe systemic reaction. Three methods of prediction of risk and 
severity of reaction were examined; the one that assessed risk in the most clinically useful 
manner was similar to the hypothetical risk model. This model compared well with classical 
methods of risk assessment and may be used to assess high-risk individuals exposed to 
honeybees when management could include prophylactic immunotherapy. (J ALLERGY CIA 
hMll.hU 1994,.93X591- 705.) 
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Bee, wasp, and hornet stings are believed to 
cause over 30 deaths annually in the United 
States,’ whereas in Canada they cause approxi- 
mately one per year.* In addition, there is consid- 
erable morbidity in the form of systemic (anaphy- 
lactic) reactions, especially in family members of 
beekeepers who are only occasionally stung. Ap- 
proximately 20% of these individuals have sys- 
temic reactions, which are indicative of a predis- 
position to potentially severe anaphylactic re- 
sponses.” This incidence of systemic reactivity and 
its possible consequences are a cause of anxiety 
among the nearly 20,000 individuals employed in 
the honey industry in Canada who together pro- 
duce an annual crop of honey worth over 50 
million dollars.” 
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Abbreviations used 
CRM: Classical risk model 
HRM: Hypothetical risk model 

LR: Likelihood ratio 
PRM: Proposed risk model 
RM: Risk model 
SC: Sting challenge 
VS: Venom-specific 

Numerous studies debating the use of immuno- 
logic and clinical parameters in the prediction of 
the severity of reaction to a sting challenge (SC) 
have been published,‘-’ but despite the large vol- 
ume of material produced, there is no clear con- 
sensus on the issue. Accordingly, we designed a 
large-scale study, which incorporated a controlled 
SC to evaluate the use of individual and combined 
parameters in the prediction of both the severity 
and risk of reaction to a bee sting. It was the 
intention of this research to determine the most 
accurate method (prediction of severity of reac- 
tion or prediction of risk of reaction) and combi- 
nation of parameters that would allow proper 
treatment of persons likely to be stung. 
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METHODS 
Subjects 

Human subject procedures used in this study were 
approved by the Ethics Committee of the Department 
of Medicine at Queen’s University and by the hospital 
boards where sting challenges were performed. All 
subjects gave informed consent. Two hundred twenty- 
four subjects were recruited by advertising the project 
through the Alberta Beekeeper’s Association with the 
assistance of Alberta Agriculture. The individuals ac- 
cepted into the study were all associated with the 
honeybee industry in some capacity but had differing 
degrees of exposure to honeybees and differing fre- 
quencies of being stung. Beekeeper’s family members 
usually had occasional exposure and may never have 
been stung, whereas other subjects, such as some bee- 
keepers and their employees, received numerous stings 
daily. All were threatened by stings because of involve- 
ment with the industry. 

Hypothetical risk model 

A hypothetical risk model (HRM) was proposed 
before research began. This model took into account 
evidence that reduced or absent venom-specific (VS) 
RAST IgE”’ combined with reduced skin test reactiv- 
ity “, ” and elevated levels of VS RAST IgG’” were 
associated with a low level of reactivity (low risk), 
whereas elevated VS RAST IgE,14 positive skin test 
results Ii. ” and low levels of VS RAST IgG” were 
associated with a high level of systemic reactivity (high 
risk). On the basis of this information, five separate 
categories of risk were derived, with risk being inter- 
preted as the likelihood of systemic, possibly fatal, 
response to a sting. The categories ranged from risk 
level 0 (nonresponsiveness) to risk level 4 (distinct 
likelihood of systemic reaction). It was believed that 
categories between these extremes would reflect pos- 
sible trends in either direction. The structure of the 
HRM is presented in Fig. 1. 

To make this model useful for screening the majority 
of exposed individuals, only parameters that were ob- 
jective and potentially available for all exposed indi- 
viduals were used. History of reactivity to sting was not 
necessarily available or predictive in exposed individu- 
als, so it was not included in the model. Furthermore, 
some data suggest that individuals who are sensitized to 
honeybee venom]’ and other allergens, including peni- 
cillin,‘” are only transiently sensitized and spontane- 
ously lose their sensitivity over time. 

Procedure 

Each subject completed a questionnaire regarding 
exposure to honeybees and previous reactions to hon- 
eybee stings. Each subject also gave a blood sample, 
which was examined for VS IgE, VS IgG, and VS IgG,, 
and underwent skin testing with honeybee venom at 
concentrations of 0.1 kg/ml and 1.0 kg/ml. Based on the 
results of these tests, the subjects were assigned a level 
of risk according to the HRM. Finally, each subject was 

sting challenged by a honeybee in the emergency room 
of a hospital and the response was recorded. 

The levels of VS IgE and VS IgG in the serum of 
each subject were measured by the RAST method with 
a commercial kit (Phadebas; Pharmacia, Uppsala, Swe- 
den) according to the manufacturer’s instructions. The 
VS RAST IgE was reported in classes 0 to 4, and VS 
RAST IgG was reported as units of IgG per milliliter. 

IgG, was measured with the RAST technique devel- 
oped by Dr. L. Perlmutter, in which specially labeled 
anti IgG, is used. Briefly, 50 p,l of each diluted sample 
(l/100) was added to the discs (in duplicate), and the 
tubes were incubated at room temperature for 3 hours. 
The discs were washed with a water-Tween NaCl solu- 
tion three times (10 minutes between each wash). Fifty 
microliters of iodone 12.5-labeled anti-IgG, was added 
to each tube. The tubes were then incubated overnight, 
washed as in the previous step, and counted for 2 
minutes. VS RAST IgG, was expressed as a percent of 
the total counts of the isotope applied. Two times 
background was considered positive. 

All subjects were requested not to take antihista- 
mines for at least 2 weeks before VS skin testing, and 
all concurrent medications were reviewed at the time of 
testing. Serial end point intradermal titration tests were 
performed with 0.02 ml of freeze-dried Hymenoptera 
venom protein allergenic extracts (Pharmalgen) sup- 
plied by Pharmacia at concentrations of 0.1 kg/ml and 
1.0 l.@rnl. Negative diluent and positive histamine 
controls were tested concurrently with venom. Re- 
sponses were scored 15 minutes after administration. 
The in vitro diagnostic products and the in vivo prod- 
ucts supplied by Pharmacia were antigenically compa- 
rable to assure conformity. 

For the SC, each subject was stung on the medial 
aspect of the forearm by a single honeybee, and the 
stinger was left in place for at least 2 minutes in order 
to represent the worst possible field sting. These chal- 
lenges were performed in an emergency room setting in 
different hospitals with appropriate medical staff and 
treatment facilities present. Individuals identified as 
being at risk of systemic reaction by virtue of the HRM 
or previous reactions were monitored closely, and an 
intravenous line was established before the sting chal- 
lenge. Reactions were managed by a team of specially 
instructed physicians from each facility under the di- 
rection of the senior author. All subjects were moni- 
tored after SC for 30 to 60 minutes. Those with no 
response or a painless local response after this time 
were discharged without further treatment. On dis- 
charge all subjects were instructed to return to the 
emergency room if they experienced a late systemic 
reaction or persistent uncomfortable local reaction. 
Subjects with a large or painful local response were 
treated with ice, analgesics, and one 50 mg dose (25 mg 
for children) of orally administered diphenhydramine 
before discharge. Subjects showing signs of a mild 
systemic reaction were monitored for 30 to 60 minutes 
after the onset of symptoms to determine whether they 
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FIG. 1. Hypothetical risk model (HRM). 

would progress to a severe systemic reaction. If there 
was no progression after this time, they were treated 
with diphenhydramine 50 mg (25 mg for children) four 
times a day for 1 day and as required afterward. Any 
sign of progression to a severe systemic reaction was 
immediately treated with 0.3 to 0.5 ml (0.01 ml/kg for 
children) subcutaneously administered aqueous epi- 
nephrine 1: 1000 dilution, which was repeated as re- 
quired. Intravenous administration of epinephrine 
(1: 10,000 dilution) was reserved for shock situations 
when intravenous colloidal solution was administered 
as well. 

Statistical analyses 
Initially, the results for each of the measures were 

considered individually so that their independent asso- 
ciation with SC response could be assessed. Then the 
relationship between the HRM and actual SC re- 
sponses was examined. Finally, all of the factors were 
considered together in a series of regression analyses to 
determine whether a different combination of measures 
would be a better predictor of response to a sting than 
the HRM. 

Both parametric and nonparametric tests were used 

as indicated. These tests included Kruskall-Wallis non- 
parametric analysis of variance, Kendall’s rank correla- 
tion, and Pearson’s goodness of fit chi square. Finally, 
least-squares and logit regression models were fitted to 
the data. For the chi square tests and the regression 
analyses, the data for each measure were classified 
according to the criteria in Table I. Analyses were 
performed with the SAS (SAS Institute, Cary, N.C.) 
and BMDP (BMDP Statistical Software, Inc., Los An- 
geles, Calif.) statistical software packages. 

RESULTS 
Demographics 

The 128 male and 96 female subjects ranged in 
age from 6 to 79 years with a mean age of 34.7 
years. Table II shows the relationship between 
occupation and sting frequency during the bee- 
keeping season. One hundred ninety-two of the 
subjects (85.7%) had had the same sting fre- 
quency for more than 2 years, five (2.2%) had the 
same frequency for between 1 and 2 years, and 27 
(12.1%) had experienced a change in frequency 
within the last year. 
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TABLE I. Classification of data for statistical analyses 

VS RAST IgE VS skin tests VS RAST IgG 

Class Level (PRU/ml) Grade Erythema (mm) Wheal (mm) Class Level (U/ml) 

0 < 0.35 0 <5 <5 1 < 20 
1 ~0.35 and ~0.70 + 5 to 10 5 to 10 2 z 20 and < LOO 
2 2 0.70 and < 3.50 1 11 to 20 5 to 10 3 z 100 and ~500 
3 2 3.50 and c 17.5 2 21 to 30 5 to 10 4 z 500 

4 2 17.5 3 31 to 40 10 to 15 or pseudopods 
4 >40 > 15 or many pseudopods 

TABLE II. Relationship between sting frequency and occupation 

Sting frequency (per yr) Sting frequency (per day) 

Never <I <I 1-4 5-10 11-25 26-100 Totals 

Occupation 
Full-time beekeeper 
Family member 
Employee 
Hobbyist 
Retired beekeeper 
Entomologist 
Other 
Totals 

0 1 5 12 10 2 30 
30 24 21 3 0 0 80 
0 2 9 1 2 0 14 

10 7 28 4 0 1 50 
7 1 0 0 0 0 8 
0 2 3 1 0 0 6 

24 4 2 0 0 0 36 
7i xi 68 u 12 

.- 
3 224 

TABLE III. Relationship of reactivity to SC to VS skin test results with 0.1 pg/ml and 1.0 pg/ml 
honeybee venom 

Challenge reactivity 

Local 

Mild systemic 

Severe systemic 

Venom concentration 
(kg/ml) 

0.1 
1.0 
0.1 
1.0 
0.1 
1.0 

0 

133 
95 
3 
3 
1 
2 

Grade of reaction 

+ 1 2 3 

22 23 7 0 
35 39 14 2 
10 13 3 1 
4 14 8 1 
0 3 5 0 
0 3 2 2 

Occupation was found to be associated with 
time from last sting (x*[6] = 46.75, p < 0.001); 
beekeepers and employees were stung most re- 
cently, whereas family members tended to have a 
greater interval since their last sting. A relation- 
ship was also noted between occupation and re- 
sponse to SC (x2[3] = 25.52, p < 0.001). This 
relationship was most apparent for beekeepers 
and family members, with the former experienc- 
ing a low number of systemic reactions and the 

latter experiencing a high number of systemic 
reactions. 

Among the subjects who experienced a systemic 
reaction from SC, the average time between last 
sting and reporting for the SC was 705 days, with 
one of the 39 (2.6%) having no history of a 
previous sting and one (2.6%) receiving his last 
sting on the same day he reported for the SC. The 
latter subject had an equivocal mild systemic 
reaction at SC, which was not out of character 
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VS RAST IgG, Sting response and history of reaction 

Class Level (%) Reaction category Class Criteria 

1 <4 None 0 No local swelling 
2 Z4and <9 Normal local 1 Local swelling <5 cm in diameter 
3 29 and ~13 Large local 2 Local swelling 2.5 cm in diameter 
4 2 13 Mild systemic 3 Not life-threatening; generalized reaction confined to the 

skin and consisting of urticaria and/or angioedema 
Severe systemic 4 Potentially life-threatening; may include cutaneous 

symptoms but has laryngeal, and/or respiratory and/or 
cardiovascular symptoms 

with the reaction earlier in the day. Seven (3.8%) 
of the 185 subjects who did not have a systemic 
reaction to SC had no history of sting, and 37 
(20.0%) had their last sting on the same day they 
reported for SC. The average time between last 
sting and reporting for SC was 615 days for the 
nonreactors. A nonparametric analysis of variance 
showed the difference between these two means 
to be significant (p < 0.001). However, this obser- 
vation is confounded by the association between 
occupation and time from last sting and the asso- 
ciation between occupation and response to SC. 

VS skin tests 

Of the 224 subjects tested, 55 (24.6%) showed a 
reaction of 1 or greater on skin testing at a venom 
concentration of 0.1 &ml, and 16 (7.1%) of 
these were level 2 or greater. When the same 
subjects were tested at a venom concentration of 
1.0 lJg/rnl, 85 (37.9%) showed a reaction of 1 or 
greater, and 29 (12.9%) of these were level 2 or 
greater. 

It appeared that subjects who were stung less 
frequently were more likely, to respond positively 
to skin testing, and this trend was found to be 
significant after data were condensed to fit the 
requirements of the chi square goodness of fit test 
($[9] = 17.39, p < 0.05). 

Table III shows the response to SC in relation- 
ship to skin test values. Skin testing with 0.1 pg/rnl 
honeybee venom had a higher level of specificity 
than with 1.0 pg/ml, while still having a compara- 
ble level of sensitivity. Using 2 or greater as a 
positive skin test response, we found that skin 
testing with 1.0 p&ml honeybee venom more than 
doubled the number of subjects with clinically 
irrelevant positive responses (i.e., those with skin 
tests r2 who did not have a systemic reaction to 
SC) relative to 0.1 &ml, from seven (3.8%) to 16 

(8.6%). This reduction in specificity was accom- 
panied by only a minor increase in subjects with 
clinically relevant positive responses (i.e., those 
with skin tests r2 who did have a systemic 
reaction to SC), from nine (23.1%) to 13 (33.3%) 
and a decrease in sensitivity at the severe systemic 
level. The strength of the relationship between 
sting reactivity and skin test results at 0.1 p&/ml 
was assessed with a chi square goodness of fit test. 
The results of this test showed that the skin test 
results were associated with the severity of the 
reaction to stinging (x2[16] = 96.42, p < 0.001). 
Even though the VS skin test response was a 
significant predictor, it did not identify all reac- 
tors. One subject experienced a severe systemic 
reaction with a negative VS skin test result but 
had a positive histamine control and an ele- 
vated VS RAST IgE level (2.4 Phadebas RAST 
units/ml, level 2). The association between skin 
test results and severity of reaction to sting is 
demonstrated in Fig. 2 by the increase in systemic 
reactions across levels of skin test response. A 
similar increase across response levels can be seen 
for the severe systemic reactions, even though the 
trend appears to be affected at the highest re- 
sponse level because of the sample size there. 

With a chi square goodness of fit test, a positive 
association of skin test responses with VS RAST 
IgE was found ($[16] = 154.95, p < 0.001). The 
negative association of skin test results with VS 
RAST IgG was also significant (x2112] = 37.76, 
p < 0.001). 

VS RAST IgE 

A total of 32 subjects had substantially elevated 
levels of VS RAST IgE (2 3); 24 (75%) of these 
were stung less than once per day during the 
beekeeping season, whereas the remaining eight 
were stung between one and four times per day. 
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FIG. 2. Proportion of systemic reactions by VS skin test FIG. 3. Proportion of systemic reactions by VS RAST IgE 

results. results. 

None of the 36 subjects who had been stung more 
than four times a day during the season had an 
elevated VS RAST IgE level, whereas 30 (83.3%) 
had class 0 levels. Thus for the most part, the 
subjects who had been stung more frequently had 
lower VS RAST IgE levels than those who had 
been stung less frequently. This association was 
confirmed by a Pearson’s chi square goodness of 
fit test ($[24] = 44.47, p < 0.01). 

The association between VS RAST IgE levels 
and response to SC is shown in Fig. 3. A trend of 
increasing systemic reactions across the VS RAST 
IgE levels is evident and is more pronounced for 
the severe systemic reactions alone. Of the 32 
subjects with elevated VS RAST IgE levels ( 2 3), 
20 (62.5%) sustained a systemic reaction, includ- 
ing eight of the nine subjects who had severe 
reactions. Only six (4.5%) of the 134 subjects with 
undetectable levels of VS RAST IgE had a sys- 
temic reaction to the SC, none of which were 
severe; whereas 120 (90.0%) had no response or a 
mild local response. Thus VS RAST IgE levels 
were a sensitive predictor of risk of a reaction to 
honeybee stings (x*[16] = 128.01, p < 0.001). 
The only systemic reaction that was not associated 
with a VS RAST IgE level of 3 or greater (2.4 
PRU/ml) was also not predicted by VS skin test 
results. This example demonstrates the usefulness 
of VS RAST IgE levels in the prediction of risk 
because even though the subject’s level in this 
case was not 3 or greater, it was still elevated 
enough to indicate allergic reactivity. The VS skin 
test result was negative with normal histamine 
response and was of no predictive value. 

o! m 
0 

j I 
kI!l 

1 2 

VS RAST IgG 

In general, levels of VS RAST IgG increased 
with an increased frequency of stinging, but there 
was still a wide range of levels among subjects 
who reported similar sting rates. The association 
between VS RAST IgG levels and frequency of 
stinging was confirmed with a Kruskall-Wallis 
rank sum test (x’[2] = 86.00, p < 0.001). 

When the VS RAST IgG levels were classified 
into four categories, the number of subjects with 
elevated VS RAST IgG levels ( > 500 U/ml, class 
4) increased substantially as sting frequency in- 
creased ($[18] = 156.47, p < 0.001). Of the 104 
persons who had been stung at least once per day 
during the beekeeping season, 58 (55.8%) had 
VS RAST IgG levels above 500 U/ml, whereas 
four (3.8%) had no measurable level. Of the 112 
persons who had been stung less than once per 
day, four (3.6%) had levels greater than 500 U/ml, 
whereas 45 (40.2%) had undetectable levels of VS 
RAST IgG. Six of the eight subjects who had 
never been stung had no measurable VS RAST 
IgG, and two had a measurable but low level (36 
and 44 U/ml, respectively). 

When the VS RAST IgG levels were related to 
the subjects’ subsequent reactions to SC, there 
was no significant association ($[2] = 2.36, 
p > 0.30). However, it is noteworthy that none of 
the 62 subjects with a VS RAST IgG level greater 
than 500 U/ml had a severe systemic reaction to 
SC, and only three (4.8%) had a mild systemic 
reaction (two of these three had a VS RAST IgE 
class of 23). 

The relationship of VS RAST IgG, levels with 
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those of VS RAST IgG and the ability of VS 
RAST IgG, to predict the response to the SC was 
explored. The absolute values of VS RAST IgG 
and VS RAST IgG, were substantially correlated 
(Y = 0.77, p < 0.01). For further analysis of the 
data, the subjects’ VS RAST IgG, values were 
classified into four levels. As would be expected, 
there was considerable agreement between VS 
RAST IgG and VS RAST IgG, levels (x*[9] = 
235.99, p < O.OOl), and the association between 
VS RAST IgG, and sting rate was significant 
(x2[18] = 177.10, p < 0.001). When VS RAST 
IgG, was used as a predictor of the response to 
the SC, the association was again significant 
(x2(2] =z 12.11, p < 0.01). 

With the chi square goodness of fit test, it 
was found that for the subjects in this study as a 
whole, VS RAST IgE was negatively associated 
with both VS RAST IgG ($[12] = 33.92, 
p < 0.001) and IgG, ($[12] = 28.192,~ c O.Ol), 
but on an individual scale, five (2.2%) subjects 
had both a VS RAST IgE level of 3 or greater and 
a VS RAST IgG level of greater than 500 U/ml. 

Sting challenge 

Thirty-nine subjects had systemic reactions (9 
severe and 30 mild), 157 subjects had local re- 
sponses, and 28 had negative responses to SC. 

One child with no history of sting but with daily 
exposure to honeybee products reacted systemi- 
cally to SC. Other systemic reactions occurred in 
31 subjects (79.5%) who were stung less than once 
per day during the beekeeping season and in 
seven (17.9%) who were stung between one and 
four times per day during the beekeeping season. 
None were stung more than four times a day 
during the beekeeping season. On the history of 
reaction scale shown in Table I, the mean reac- 
tion level for the 178 subjects who had been stung 
previously was 1.76, whereas for the 38 subjects 
who had systemic reactions and had been stung 
previously, the mean reaction level was 3.34 
(p < 0.001). Of the 38 previously stung systemic 
reactors, seven (18.4%) reported having only a 
local reaction, whereas 31 (79.5%) reported hav- 
ing systemic reactivity to a honeybee sting at some 
time in the past. However, 54 (63.5%) of the 85 
who reported a history of systemic reaction did 
not experience a systemic reaction to SC. 

HRM 

Of the 70 subjects placed in the lowest risk 
group with the use of the HRM only three (4.3%) 
had reactions that could not be considered local. 

8’0 r 

FIG. 4. Proportion of systemic reactions by risk level ac- 
cording to the HRM. 

Two of these three subjects had mild equivocal 
reactions. Nasal congestion was seen in one, 
whereas the other seemed to have symptoms 
related to a preexisting pharyngitis. The third in 
this category had some coughing and lacrimation. 
In the second risk group five (7.1%) of the 70 
subjects experienced a mild systemic reaction, 
with three of the five having reactions that did not 
progress beyond mild cutaneous expression. No 
subjects in this risk group had a severe systemic 
reaction. Eight (21.1%) of the 38 subjects in the 
middle risk group had a systemic reaction, and 
one (2.6%) had a severe systemic reaction. In the 
second highest risk group there were 15 (42.9%) 
systemic reactions among the 35 subjects, but the 
number of severe reactions increased to three 
(8.6%). Of the 11 subjects predicted to be at the 
highest risk of having systemic reactivity, five 
(45.5%) had severe systemic reactions and three 
(27.3%) had mild systemic reactions, resulting in 
a total of eight (72.7%) systemic reactions overall. 
A stepwise tendency to systemic reactivity with a 
distinct order of risk among the levels can be seen 
in Fig. 4. A similar increase is also apparent for 
the severe reactions, which increase in proportion 
dramatically between risk levels 3 and 4. 

The apparent association between the propor- 
tion of systemic reactions (both total and severe) 
and risk level was tested by performing a logit 
analysis on the data; an increase in risk level was 
significantly associated with an increased propor- 
tion of systemic reactions (p < 0.001). In other 
words, the odds of having a systemic reaction 
increased as the risk level increased. 
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TABLE IV. Chi square values and LR for a number of logit models tested on the study data 

Model No. VS RAST IgE VS RAST IgG 

Three-parameter 
models 

1 20.71 3.92 (NS) 
3 19.26 

Two-parameter 
mod& 

3 41.04 4.85 (NS) 
4 38.60 
5 19.13 
h 1.63 (NS) 
7 

One-parameter 
models 

8 40.15 
9 1.43 (NS) 

10 
11 

Values are significant at p < 0.01 unless otherwise noted. 
NS, Not significant. 
*I, < 0.05. 

VS RAST IgG, 

9.76 

11.28 

6.88 (NS) 

9.30 (NS) 

VS skin test 

8.65 (NS) 
7.64 (NS) 

9.64* 
38.82 
37.07 

38.97 

Intercept LR 

31.68 0.999 
12.43 0.999 

30.38 0.600 
12.15 0.834 

118.95 0.819 
31.83 0.236 
12.07 0.264 

122.40 0.759 
26.31 0.003 
12.06 0.033 

143.02 0.050 

HRM refinement 

The preceding section has shown that the HRM 
provides an accurate method for predicting an 
individual’s risk of systemic reaction to SC. How- 
ever, because the goal of this study was to deter- 
mine the most accurate combination of param- 
eters for the prediction of risk, we have in this 
section looked for ways to improve on the predic- 
tive power offered by the original HRM. To 
accomplish this we used two statistical methods to 
examine the predictive power of all possible com- 
binations of the study parameters. 

The first statistical analysis was performed with 
the logit or logistic regression method. This anal- 
ysis determined the ability of each model to 
predict the occurrence of a systemic reaction after 
a SC. For the purpose of this analysis, subjects 
who had a mild systemic or severe systemic reac- 
tion were considered as having a systemic reac- 
tion, and all other subjects were considered as 
having as nonsystemic reaction. Table IV shows 
that VS RAST IgE is the best single predictor 
(model no. 8) and provides a significant contribu- 
tion to the predictive power of every model in 
which it is included.* The VS skin test result was 
also found to be a good predictor on its own, but 

*In a four-parameter model (VS RAST IgE, VS RAST IgG, TNonsignificant parameters in a model indicate that the model 
VS RAST IgG,, VS skin test) none of the parameters were is generally not applicable even though it may be a good 
significant. model for the study population. 

it was not totally reliable and its significance 
greatly decreased whenever it was included in a 
model that also contained VS RAST IgE. When 
examined by itself, the predictive power of VS 
RAST IgG, was not significant (model no. 10) 
but it did seem to have complementary function 
when combined with VS RAST IgE (models nos. 
2 and 4). VS RAST IgG was not significant by 
itself, nor in any combination with other param- 
eters. 

Although the three-parameter models appear 
to be the best predictors of systemic reaction, they 
are of limited use, as demonstrated by the non- 
significant parameters.? A less powerful but more 
widely applicable model is the two-parameter 
model with VS RAST IgE and VS RAST IgG, 
(model no. 4). The likelihood ratio (LR) for this 
model was high (0.834), and both parameters 
were significant with a p value of less than 0.01. 
The predictive power of another two-parameter 
model in which VS RAST IgE and VS skin tests 
are used (model no. 5) was a close second 
(LR = 0.819). When this model is compared with 
VS RAST IgE on its own (model no. S), it is 
apparent how little the combination of VS skin 
test results and VS RAST IgE improves on the 
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TABLE V. Results of the regression analyses performed on the study data 

Model VS skin Sting 

No. VS RAST IgE VS RAST IgG VS RAST IgG, test IgE . IgG Intercept R2 rate 

2 
3 

3 

5 

6 
7 
8 
9* 

lo* 
11* 

0.504 
0.716 
0.322 
0.326 
0.801 

0.458 
0.315 
0.329 

0.456 

- 0.03 0.404 
- 0.084 0.342 
-0.169 0.410 

- 0.07 0.438 
0.343 

-0.155 0.846 
-0.192 

0.451 
0.387 
0.832 

- 0.092 1.96 0.379 
- 0.154 2.11 0.410 

2.32 0.389 
2.05 0.371 

- 0.188 1.90 0.406 
2.40 0.303 
2.42 0.355 
1.88 0.365 
2.22 0.418 - 0.174 
2.32 0.389 -0.162 
2.29 0.388 -0.191 

All models are significant at p < 0.01. 
IgE . IgG is a parameter that takes into account interaction between VS RAST IgE and VS RAST IgG 
*Includes sting rate (last column). 

predictive power of VS RAST IgE alone. Sting 
frequency was also included in a series of analyses 
along with other parameters, and it improved 
the fit of the model when included with VS 
RAST IgE. 

The second statistical analysis performed was 
linear regression. This analysis determined the 
ability of each model to predict the severity of a 
reaction to SC as opposed to the occurrence of 
reaction. This analysis predicted the severity of 
each subject’s reaction to SC on a continuous 
scale. The R’ values* in Table V demonstrate 
that no combination of parameters is very effec- 
tive in predicting the severity of a response to 
SC. The best combination was a three-parameter 
model with VS RAST IgE, sting rate, and VS 
skin test (model no. 9; R2 = 0.418). Similar 
predictive power was seen in model no. 2 (VS 
RAST IgE, VS RAST IgG,, VS skin test, and 
IgE * IgG) with an R2 value of 0.410. Further 
examination showed that model no. 5 (VS RAST 
IgE, VS skin test, IgE * IgG) provides equivalent 
predictive power (R’ = 0.406) to model no. 2 with 
one less parameter. 

DISCUSSION 

On the basis of the results of this study, it 
appears that skin testing with 0.1 kg/ml venom, as 
opposed to 1.0 &ml, markedly increases speci- 
ficity while having little effect on overall sensitivity 

*A large R’ value indicates that the model has strong predic- 
tive power. An R’ value of 1.0 indicates perfect prediction 
and an R* value of 0 indicates no relationship between the 
parameters in the model and response to SC. 

and improving sensitivity at the severe systemic 
level. This increase in specificity is in contrast to 
the statement by Golden and Schwartz”’ that 
clinically irrelevant VS skin test results are quite 
unusual with concentrations of venom of 1.0 
pg/ml or less. We conclude that for skin testing, 
0.1 kg/ml venom is the best concentration to 
predict systemic reactivity to honeybee stings. Our 
results in this area support findings of some” but 
differ with those of others who claim that skin 
testing with venom at a concentration of 1.0 kg/ml 
provides better results.“, ” Although a skin test at 
venom concentration of 0.1 kg/ml was found to be 
a good predictor of reaction to honeybee stings, it 
was not as effective as VS RAST IgE. There also 
appeared to be a relationship between VS skin 
test results and sting frequency. In another study” 
the authors found that neither the size of the skin 
test reaction to venom nor the lowest concentra- 
tion yielding a positive venom skin test result 
correlated with the most severe systemic reaction 
during venom immunotherapy. This observation is 
generally in agreement with the results of our 
regression analysis, which showed that no single 
parameter or combination of parameters was 
strongly correlated with severity of response to 
SC. However, results of this nature must be inter- 
preted within the boundaries of the tests applied 
to the data, which some authors have failed to 
do.Z4 The results do not show an absence of 
relationship between VS skin test results and 
response to SC, but rather they show that the 
variability of response to SC is not satisfactorily 
explained by a linear relationship with VS skin 
test results. Other methods of analysis have 



700 Day, Buckeridge, and Welsh J ALLERGY CLIN IMMUNOL 
APRIL 1994 

TABLE VI. Relative predictive power and clinical applicability of evaluated methods of prediction 

Method Groups Predictive power Clinical applicability 

Linear regression M Low Medium 
HRM 5 Medium High 
Logistic regression (logit) 2 High LOW 

clearly shown that the relationship between VS 
skin test results and severity of response to SC is 
not a random one. 

In this study the VS RAST IgE level was found 
to be a sensitive indicator of response to a hon- 
eybee sting. However, other studies have pro- 
duced conflicting results.25, 26 In addition, the VS 
RAST IgE level was found to have a strong 
positive association with VS skin test response, 
which is in agreement with results of previous 
studies.lh. 17. 27, 2X A negative association between 
VS RAST IgE levels and both VS RAST IgG and 
VS RAST IgG, levels was also noted; this ex- 
pected finding has been observed by others.” 

In confirmation of findings by other investiga- 
tors,29 little association was found between levels 
of VS RAST IgG and adverse response to hon- 
eybee sting even though it was significantly asso- 
ciated with sting rate. However, it appears that VS 
RAST IgG at a sufficient level may be protective 
against a severe systemic reaction to a honeybee 
sting because no person in this study with a VS 
RAST IgG level greater than 500 U/ml had such 
a reaction, and only three had a mild systemic 
reaction in spite of coexisting VS RAST IgE 
observed in two subjects. Even though a level of 
significance cannot be attached to this observation 
because of the small number of subjects with high 
levels of VS RAST IgG and contradictory el- 
evated indices of risk, this observation should lend 
support to previous attempts to define a protec- 
tive level of VS RAST IgG.3”* 31 In particular, it 
supports the observation by Urbanek et a1.32 that 
the majority of patients are protected by a VS 
RAST IgG level greater than 400 U/ml. Because 
there is considerable agreement between levels of 
VS RAST IgG and VS RAST IgG,, VS RAST 
IgG, offers no practical advantage over VS RAST 
IgG in the prediction of response to SC. 

We believe our results to be accurate and 
representative of the population from which they 
were sampled, but there are confounding factors 
inherent in a study of this nature. For example, 
subjects were directed to not take medications 
that could interfere with skin test results for 2 
weeks before SC, and these medications were 

reviewed again immediately before challenge. 
Nevertheless, it is possible that a minority of 
subjects were noncompliant in this regard. A 
more likely source of bias is that some of the 
reactions to SC may have progressed in severity if 
we had waited longer before administering treat- 
ment. None of the subjects who were untreated 
(those with minor local reactivity only) progressed 
to systemic reactivity over the subsequent 24 
hours. Other subjects who had symptoms that 
required management with antihistamines, but 
not epinephrine, may have had progressive reac- 
tivity if left untreated. However, the incidence of 
systemic reactivity to SC was relatively high in this 
study (17.4%), so it appears that this was not a 
large source of bias. It should also be noted that 
the subjects in this study were recruited from a 
population of individuals at higher risk of being 
stung by honeybees than the general population, 
so caution should be used when applying the 
results of this study to the general population. 

The ethical issue regarding SC of subjects who 
may have had adverse reactions in the past cen- 
ters on the recognition that previous reactions are 
not necessarily associated with subsequent reac- 
tivity, which is also observed in penicillin sensitiv- 
ity. It was the objective of this study to determine 
factors, other than history of reactivity, which 
would be reliable indicators of risk because “the 
first reaction” may be severe but predictable if 
certain tests were applied. Fundamental to the 
ethical considerations was that all of those who 
were sting challenged were connected with the 
beekeeping industry and thus at risk of being 
stung on a daily basis. Given this information and 
the remoteness of some of the sites of beekeeping 
operations, it was deemed more acceptable for 
subjects to be stung under controlled circum- 
stances than where medical services were not 
readily available. Common sense prevailed, and 
no subject who claimed a history of very severe 
reactions to stings either expressed a desire or 
was accepted for an SC. 

Three methods of predicting an outcome of SC 
were individually evaluated. A comparison of 
these methods shows a definite order among them 
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FIG. 5. Proposed risk model. 

in certain areas. As one would expect, it appears 
that the methods that attempt to make more 
precise predictions of outcome have lower predic- 
tive power, whereas those that attempt to make 
more general predictions have higher predictive 
power. For example, the linear regression method 
attempts to predict the severity of a subject’s 
response to SC on a continuous scale, which 
effectively involves placing each of the subjects 
into one of an infinite number of groups. When 
this method provides a correct prediction, it is 
very descriptive and clinically useful, but as evi- 
denced by the R* values in Table V, it has a low 
predictive power and does not regularly provide a 
correct prediction. At the other extreme is the 
logit method, which attempts to predict a subject’s 
response to SC by placing each subject in one of 
two groups: systemic reaction or nonsystemic re- 
action. Because of its simplified approach, this 
method has a much higher predictive power than 
the linear regression method. However, it has a 
drawback in that it is making an exclusive predic- 
tion with less than 100% accuracy. In other words, 
this model will invariably place some subjects in 
the nonsystemic reaction risk group when they 

are liable to have a systemic reaction, possibly 
severe. 

Thus a balance must be struck between predic- 
tive power and clinical applicability. The HRM 
achieves this balance by assigning each subject a 
level of risk for having a systemic reaction to a SC. 
This is accomplished by placing each subject in 
one of five discrete, ordinal groups from low risk 
(level 0) to high risk (level 4). This method does 
not have the predictive power of the logit method, 
but it allows for less accurate prediction by having 
a number of groups with sequential levels of risk. 
Similarly, it does not provide as descriptive a 
prediction as the linear regression method, but it 
has a much higher predictive power. These obser- 
vations are summarized in Table VI. 

The preceding discussion has shown that the 
best balance between predictive power and clini- 
cal applicability is achieved by using a risk model 
(RM) method, but the choice of parameters for 
the best model is not clear. Analysis of other 
methods suggests that an RM with greater pre- 
dictive power could be constructed by varying the 
parameters from those used in the HRM. 

An improved HRM would still have to include 
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TABLE VII. Response to sting challenge and history of reaction 

Response to sting challenge 

History of reaction 
Systemic 
Nonsystemic 

Total 

Systemic Nonsystemic Total 

31 54 85 
7 124 131 

38 178 216 

VS RAST IgE because our results indicate that it 
is the best single predictor, and it was an integral 
part of every model in which it was included. On 
the other hand, the predictive ability of VS RAST 
IgG was found to be minimal. The role of VS skin 
test in an improved RM is not as clear as the 
other parameters. VS skin test results were highly 
correlated with and complementary to VS RAST 
IgE levels, so one must logically question what 
they could offer an RM that VS RAST IgE levels 
do not, aside from the obvious clinical conve- 
nience. However, skin test results did make a 
significant addition to some of the best models, 
even when included with VS RAST IgE. 

Two parameters not used in the HRM, which 
could add to the predictive power of an RM, are 
VS RAST IgG, and sting rate. Unfortunately, 
these parameters are not as widely applicable as 
the ones already mentioned. Sting rate would not 
be very useful because the average individual will 
have a sting rate that is limited and of question- 
able accuracy. The other parameter, RAST IgG,, 
made a significant addition to the predictive 
power of some of the models but was not a useful 
predictor in its own right, and methods for its 
detection are not widely available. 

Consideration of all the parameters suggests 
that the best model would rely mainly on VS RAST 
IgE levels for its prediction of risk but would 
also include some input from VS skin test results. 
Sting rate could also add to an RM but only if 
the subject has an extensive and reliable sting 
rate. Finally, VS RAST IgG4 level would be of 
limited use because of its weak predictive power 
and the difficulty involved in its determination. 

Our research suggests that in clinical practice, 
patients suspected of being at risk for a life- 
threatening reaction to honeybee stings, as deter- 
mined by either history of systemic reactivity or 
exposure to honeybee stings and bee products, 
may be accurately assessed by undertaking VS 
RAST IgE testing and VS skin testing and then 
applying the results to an RM. For practical 
purposes, we have structured the RM along the 

same lines as the HRM (Fig. l), with a slight 
revision of parameters and a restructuring of risk 
groups. The structure of the proposed model can 
be seen in Fig. 5. 

To evaluate the performance of the proposed 
RM (PRM) we have compared it with the classi- 
cal manner of determining recommendations for 
immunotherapy. However, it must be emphasized 
that the PRM is designed to assess risk for those 
in danger of being stung and not to recommend 
which individuals in the general population re- 
quire immunotherapy. For the comparison, data 
regarding the subjects’ most severe reaction to 
honeybee sting before the SC were analyzed, and 
a classical RM (CRM) in which VS skin test and 
reaction history were used was constructed. 

History of reaction was a significant predictor 
of reactivity to SC as an individual parameter 
(x’[2] = 34.87, p < 0.001) and was found to be a 
better predictor of decreased reactivity than in- 
creased reactivity. Table VII shows how history of 
reaction and response to sting challenge are re- 
lated. From Table 7 it can be seen that the 
predictive value of a history of nonsystemic reac- 
tion is very high (124 of 131 or 94.7%). It is also 
apparent that a history of systemic reaction is of 
little predictive value (31 of 85 or 36.5%) in 
determining who will have a systemic reaction to 
SC. Accordingly, the classical RM relies mainly on 
VS skin test results to identify the reactors and on 
reaction history to identify the nonreactors. This 
model is shown in Fig. 6. 

The two RMs were compared by calculating the 
odds ratio* of systemic reaction at each risk level. 
This value expresses the odds that a given risk level 
would be expected in a patient with (as opposed to 

*The odds ratio is usually referred to as the likelihood ratio 
when diagnostic tests are evaluated in medical literature. 
However, the term likelihood ratio has already been used in 
this article in the true statistical sense with respect to the 
logit analysis of the individual and combined parameters. To 
avoid confusion the term likelihood ratio will be used in 
reference to the logit analysis and the term odds ratio will be 
used in reference to the evaluation of diagnostic tests. 
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FIG. 6. Classical risk model. 

TABLE VIII. Odds ratios and diagnostic levels for the five risk levels of the proposed and classical 
risk models 

Risk 
level 

Subjects with systemic Subjects without systemic 
reaction to SC reaction to SC 

No. Proportion No. Proportion 
Odds Diagnostic 
ratio level 

PRM 
4 
3 
2 
1 
0 

CRM 
4 
3 
2 
1 
0 

6 0.1538 1 0.0054 28 Rule-in 
16 0.4103 15 0.0811 5.1 Intermediate high 
7 0.1795 18 0.0973 1.8 Indeterminate 
7 0.1795 36 0.0162 0.92 Intermediate low 
3 0.0769 115 0.6216 0.12 Rule-out 

2 0.0513 0 0 
25 0.6410 33 0.1784 
10 0.2564 35 0.1892 
1 0.0256 30 0.1622 
1 0.0256 87 0.4703 

Rule-in 
Intermediate high 
Indeterminate 
Intermediate low 
Rule-out 

* 

3.6 
1.4 
0.16 
0.05 

*The odds ratio is undefined here because both the subjects at this risk level experienced a systemic reaction, which places a 0 in 

the denominator of the odds ratio. 

one without) a systemic reaction.3” A clinically use- The odds ratio and diagnostic IevelF displayed 
ful RM must have a high odds ratio at the highest in Table VIII indicate that both the PRM and 
risk level, a low odds ratio at the lowest risk level, CRM satisfy the criteria for a clinically useful 
and intermediate levels in between. RM. Direct comparison is hampered because the 
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FIG. 7. Log odds ratio of systemic reaction by risk level 
according to the proposed and classical risk models. 

odds ratio for risk level 4 is undefined in the 
CRM. This is a function of small sample size 
because both of the two subjects at this risk level 
experienced a systemic reaction, which places a 
zero in the demoninator of the odds ratio. How- 
ever, the odds ratio for risk level 4 in the PRM is 
quite high, which indicates that individuals who 
are in this risk level are likely to experience a 
systemic reaction when stung by a honeybee. As a 
means of comparison, the diagnostic level associ- 
ated with an odds ratio of this magnitude is 
similar to that seen with a positive sputum smear 
for tuberculosis as confirmed by culture.“’ At the 
lower end of the risk scale, the RMs have com- 
parable odds ratio, with the CRM identifying 
fewer nonreactors, but with more accuracy. The 
similarity of the intermediate odds ratios is evi- 
dent in Fig. 7. 

The thrust of this article has been to use 
laboratory criteria in determining risk of systemic 
reaction to honeybee stings, because it has been 
observed that prior clinical reactivity to venoms 
and drugs (e.g., penicillin) does not in itself pre- 
dict future responsiveness to these antigens. This 
study was designed to determine a test or a 
combination of readily available tests, which 
would have a high level of predictive value. Pre- 
vious reactions to sting, although recorded, were 
not a part of the RM. A secondary objective was 
to determine what test or group of tests could be 
applied to assist in treatment of potentially sting- 
reactive persons at risk from stings, recognizing 
that a life-threatening reaction could occur with- 
out warning. 

J ALLERGY CLIN IMMUNOL 
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Clearly anyone who had anaphylaxis in the past 
would be considered to be at risk, but the pres- 
ence or absence of immunologic risk indicators, 
which have been shown to project reactivity, 
would be the best predictor of such reactivity. A 
child who has had mild dermal reactions and who 
has indicators of anaphylactic reactivity would be 
treated in part for the potential to be stung. For 
example, management could depend on whether 
he or she is in any particular risk situation such as 
being a member of a beekeeping family. A person 
who has had “anaphylaxis” to honeybee sting and 
demonstrates no immunologic reactivity to honey- 
bee venom would not be expected to have IgE- 
mediated anaphylaxis to honeybee sting and 
would be treated accordingly. The ability of both 
the HRM and PRM to accurately assign risk is 
impressive, but the absence of strong correlation 
between any indicator of risk and the severity of 
reaction to SC, which is not unusual in evaluating 
risk in a variety of medical conditions, ultimately 
requires medical judgment. 

Immunologic criteria have been shown in this 
study to be very important, and the combination 
of VS skin test reactivity and VS RAST IgE, 
which is used in the HRM and improved on in the 
PRM, is possibly the best indicator of allergic 
reactivity. A non-IgE-mediated reaction, such as 
an acute vasovagal episode, could not be pre- 
dicted by the test. Indeed, the absence of allergic 
correlates after a collapse or other forms of re- 
sponse to a sting would be helpful in determining 
the nature of such a reaction. 

We acknowledge the assistance of the STATLAB at 
Queen’s University for their advice on the application 
and interpretation of statistical tests. 
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