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To investigate the reproducibility of a single negative response to sting challenge with a living
insect, we rechallenged a group of 61 patients who showed no clinical response to a first sting
challenge. All patients had previously had symptoms suggestive of anaphylaxis after a yellow
Jacket field sting. Thirteen patients (21%) had anaphylactic responses after the second sting
challenge, and six of these patients had severe reactions including symptomatic hypotension
requiring administration of Adrenalin. This rate was significantly lower than the response rate
of the original patient group to a first sting challenge (39%). Thus although fewer positive
responses were observed in patients who had had a previous negative challenge response, the

number of anaphylactic reactions was considerable and included patients with potentially
life-threatening symptoms. Consequently, a single sting challenge may not be used to select
patients for venom immunotherapy. (] ALLerGy CLin Immunor 1994,93:431-6.)
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Since the first studies of venom hypersensitivity
that utilized intentional sting challenge with a
living insect were performed, a consistent and
unexplained finding has been the lack of clinical
reactivity in approximately 50% of patients who
are sensitized to venom and have a history of a
systemic reaction to a field sting (FS). This has led
to the formulation of two opposing schools of
thought. The first view is that although only one
half of patients react to a sting challenge, both
reactor and nonreactor groups retain a substantial
risk for future anaphylaxis and should be consid-
ered for venom immunotherapy (VIT)."! The op-
posing view holds that nonreactors are at low risk
for repeat anaphylaxis, may safely be excluded
from VIT, and indeed, should not be offered VIT
because such treatment is unnecessary.” Consis-
tent with this latter notion is the recommendation
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Abbreviations used

FS: Field sting
SC1: First sting challenge
SC2: Second sting challenge
VIT: Venom immunotherapy

that a single diagnostic sting challenge be used to
select patients for VIT.> * This assumes that a
single negative response to a sting challenge is an
event with good reproducibility in individual pa-
tients. Studies of this problem have been limited
and results have been conflicting. Parker et al.*
rechallenged four patients who had had a nega-
tive sting challenge response and a history of a
systemic reaction after an FS and found no reac-
tors. In a study by Kampelmacher et al,” 11
patients with a negative sting challenge response
were rechallenged and had no response.” Blaauw
et al.’ reported 10 patients with a negative sting
challenge response who subsequently tolerated an
FS. In contrast to these data Forster et al.® found
four severe systemic reactions after the second
challenge in patients who had a previous negative
challenge response in a group of 30 children who
underwent two bee sting challenges.
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We therefore studied this problem directly by
subjecting patients who showed no response to a
first sting challenge (SC1) (and consequently re-
ceived no VIT) to a second challenge.

METHODS
Selection of patients

Patients with a positive history of a systemic response
after a yellow jacket FS and a positive skin test and/or
RAST result to yellow jacket venom and who were not
excluded because of abnormal electrocardiogram, clin-
ical evidence of congestive heart failure, coronary dis-
ease, hypertension, viral infections at the time of sting
challenge or B-blocker therapy were subjected to an
in-hospital challenge with a living insect. Between 1980
and 1991, 228 patients were challenged. Ninety patients
reacted systemically and were treated with VIT (39%).
One hundred and thirty-eight patients exhibited no
reaction. Of these, eight patients were excluded be-
cause they started B-blocker therapy or because of
pregnancy or age. Of the remaining 130 patients, 104
could be reached and 61 agreed to a second sting
challenge (SC2) and gave their informed consent. SC2s
took place in 1991 or 1992.

Skin test and RAST assay

Intracutaneous skin tests, performed during the first
outpatient clinic visit and interpreted according to
international guidelines,” * were applied in aliquots of
0.03 ml venom solution provided by Pharmacia Diag-
nostics (Uppsala, Sweden) in concentrations of 0.0001
pg/ml, 0.001 pg/ml, 0.01 pg/ml, 0.1 pg/mi, and 1 pg/ml.
Skin test results were considered positive when the
orthogonal wheal diameter after 15 minutes was greater
than 5 mm, and the lowest concentration producing a
positive test result in each patient (threshold concen-
tration) was used to calculate the median for the group.
Serum-specific IgE was measured by RAST with the
Phadezym RAST method. The values were expressed
as Phadebas RAST units per milliliter.

The in-hospital challenge with a living insect

Patients underwent sting challenge under intensive
care conditions. Intravenous access and cardiac moni-
toring were established, and blood pressure was re-
corded regularly. Predominantly two species of yellow
jackets with highly cross-reactive venom® were used.
Fresh insects were obtained on the morning of the
challenge. A single insect was applied to the volar side
of each patient’s forearm with a pair of tweezers until
a clearly painful sting occurred. Patients remained
under constant medical supervision and were treated
with saline solution, intravenous antihistamine (clemas-
tine), subcutaneous Adrenalin, inhaled bronchodilator
(salbutamol), and intravenous or oral corticosteroids
(prednisolone) as needed. Symptoms and medication
were recorded.
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Statistical analysis

Demographic data and potential risk factors for
venom anaphylaxis were compared for the patients who
were eligible for rechallenge in 1991 and who had had
their first (negative) challenge between 1989 and 1991
(n = 65). Twenty-six of these patients were challenged
a second time. Risk factors for those 26 rechallenged
patients were compared with the remaining 39 who did
not undergo SC2. A similar analysis was also carried
out in all 61 patients undergoing SC2 in which the 13
reactors were compared with the 48 nonreactors. This
was done with the Mann-Whitney U test, because the
parameters wete not normally distributed. To compare
the percentage of reactors after SC1 with SC2, Fisher’s
exact test was used.

RESULTS

In the group of 61 patients who exhibited no
reaction to a previous sting challenge, SC2 re-
sulted in 13 systemic responses (21%). Six of
these patients experienced hypotension and re-
quired subcutaneous administration of Adrenalin.
Two complained of gastrointestinal symptoms
such as nausea, abdominal cramping, and fecal
incontinence. In one case urinary incontinence
occurred after a few minutes (Table I).

One patient experienced a feeling of throat
tightness a few minutes after being challenged.
This feeling persisted for over 1 hour without
worsening and eventually disappeared. No other
symptoms occurred. The reaction was therefore
considered to be negative.

Analysis of possible selection bias performed
on the patients who were eligible for rechallenge
in 1991 was done by comparing possible risk
factors in the participating group of 26 patients
with the remaining group of 39 patients who were
also eligible but declined SC2 (Table II). There
were no significant differences found with regard
to age or sex distribution of the patients, severity
of the FS reaction, time interval between FS and
SC1, skin test threshold concentrations, or RAST
score. Patients undergoing SC2 reported an orig-
inal FS in the head and neck region significantly
less often than the rest of the eligible patients
(p < 0.02). Only one patient undergoing SC2
reported an FS between SC1 and SC2. Thus
because risk factor distribution in this first group
of eligible patients showed no significant differ-
ences between those undergoing SC2 and those
refusing a further challenge, this analysis was not
extended to the patients who were rechallenged
in 1992.

The percentage of reactors (21%) in the rechal-
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TABLE 1. Age, gender, symptoms, and medication of reactors to SC2

Patient No. Age (yr) Gender Reaction to SC2 Medication
1 30 M Al CP
2 37 F AH,GI Adr,C,P
3 42 M LE* C
4 45 M UA,T CPp
5 31 F UA,GLH Adr,CP
6 16 F UA CP
7 53 F UAH Ard,C,P
8 49 F LD C
9 43 F LH Ard,C,P
10 36 M UA CPp
11 15 F LEA CP
12 40 F LEH Adr,CP
13 35 F EH Adr,CP

A, Angioedema; I itching; C, clemastine; P, prednisolone; H, hypotension (and reactive tachycardia), GI gastrointestinal
symptoms; Ard, Adrenalin; E, erythema; U, urticaria; T, tachycardia; D, dyspnea.
*Patient’s reaction included redness and swelling at site of SCI.

TABLE H. Comparison of demographic data and risk factors for venom anaphylaxis in eligible
patients subjected to (n = 26) and not subjected to (n = 39) SC2 in 1991

Patients subjected
to SC2 (n = 26)

Patients not subjected
to SC2 (n = 39)

Age (yr) (mean * SD) 36.8 (+11.5) 38.7 (+12.2)
Gender (F:M) 13:13 24:15
Site of F$
Head/neck:other 3:23 15:24*
Severity of FS reaction
Skin:more than skin 11:15 18:21
Time between FS and SC1 (median in mo) 12 12
Skin test threshold concentration (pg/ml) 0.01 0.01
(median)
RAST (PRU/ml) (median) 1.0 1.0

PRU, Phadebas RAST units.
*p < 0.02 compared with patients subjected to SC2.

lenged group was compared with the percentage
of reactors to SC1. Of the original 228 patients, 90
(39%) had positive responses. This difference was
statistically significant (p < 0.01).

Analysis of risk factors was carried out by
comparing reactors and nonreactors to SC2 (Ta-
ble III). There were no significant differences
found between the groups in any of the parame-
ters studied.

DISCUSSION

The use of a diagnostic sting challenge for
selection of patients for specific VIT is based on
the observation that only 28% to 45% of patients
who report systemic reactions after FSs and who

have demonstrable levels of venom-specific IgE
show reactivity on subsequent sting challenge.>*> '°
There are data demonstrating that venom ana-
phylaxis may be a unique event in some patients."'
Despite this, the reproducibility of a single nega-
tive sting challenge response has never been
firmly established.

In our patient group, 21% of patients who
showed no response to SC1 exhibited systemic
responses to SC2, and approximately one half of
these patients had severe reactions. This response
rate is considerably higher than that of the gen-
eral population, which has been found to be
0.15% to 3.9%.'>

Patients who do not react to sting challenge
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TABLE 1ll. Comparison of demographic data and risk factors for venom anaphylaxis in reactors

{(n = 13) and nonreactors (n = 48) to SC2

Reactors to sC2 Nonreactors to SC2

(n=13) . {n = 39)

Age (yr) (mean * SD) 350 = 114 35.4 +12.3
Gender (F:M) 4:9 28:20
Site of FS*

Head/neck:other 3:9 11:33
Severity of FS reaction

Skin:more than skin 6:7 13:35
Time between FS and SC1 (median in mo) 12 12
Skin test threshold concentration (pug/ml) (median) 0.01 0.01
RAST (PRU/ml) (median) 0.50 0.34

None of the above differences between reactors and nonreactors were statistically s1gmﬁcant

PRU, Phadebas RAST units.

*Five patients (one reactor, four nonreactors) were unable to recall the site of the stlng

have not been found to differ from reactors either
clinically or immunologically, and thus no param-
eters have been found to reliably predrct reactivity
to a sting challenge.” > > ™ This is also confirmed
in the present study, in which comparison of
factors thought to confer risk for anaphylaxis to
FSs between reactors and nonreactors revealed
no significant differences (Table III). We never-
theless examined the possibility of selection bias
in our study population by comparing risk factors
in the first 26 patients subjected to SC2 (1991) (six
of whom had systemic responses) with the re-
maining eligible patients who did not undergo
SC2. Only the site of the sting was observed to
differ significantly between the two groups (Table
II), and this parameter has been shown not to
confer risk in the setting of a sting challenge.?
Hence, it is unlikely that selection could account
for the high rate of reactivity observed in our
study population.

Another p0551b111ty is that SC1 resulted in con-
siderably more false-negative outcomes than SC2.
In this study both SC1 and SC2 were performed in
a technically unifdrm manner as described in the
Methods section. In the cases of the first 26
patients undergoing SC2, both SCs were carried
out and assessed by the same investigator with
yellow jackets procured from the same source.
Moreover, the rate of reactivity of SC1 (39%) is in
keeping with response rates reported by others,* *
making a significant false-negative rate to SCl
unlikely.

The reactivity rate to SC2 (21%) was statisti-
cally significantly lower than the reactivity to SC1
(39%). This difference could be due to a loss of
clinical reactivity over time.'* Also, a relative

increase in the number of patients who show no
anaphylactic response to SCs and who were prob-
ably misdiagnosed with regard to the original FS
reaction could be a contributing factor. Because it
is not possible to identify such patients, they are
likely to be present in treatment groups from
centers that do no use a diagnostic sting challenge
for selection of patients for VIT. Despite numer-
ous theoretic objections to the unnecessary treat-
ment with VIT .of patients not requiring such
treatment, jncluding potential risk of sensitiza-
tion,” extensive experience with VIT suggests
that the health risks of such overtreatment are
small, Furthermore, our data show that this risk is
clearly overshadowed by the risks of undertreat-
ment resulting from the selection of patients for
VIT by means of a single diagnostic sting chal-
lenge in that approximately 10% of patients un-
dergoing SC2 had life-threatening reactions.

The intermittent reaction pattern in patients
with known sensitization and exposure to insect
venom shows parallels to food and drug reactions
as previously pointed out by Reisman.' Interest-
ingly, Reisman' described 90 patients who had
anaphylactic responses to FSs and were not
treated with VIT who went on to have repeated
re-stings.'" Of these patients, 20 had no reaction
to the next FS that occurred, but went on to have
systemic reactions to subsequent FSs. These pa-
tients, who show an “on-off-on” pattern of clinical
reactivity, thus represent 22% of the patients who
have repeated re-stings, a figure which is quite
comparable to the percentage of reactors to SC2
(21%) in whom a similar pattern of clinical reac-
tivity was seen. Both patient- and nonpatient-
related factors could influence the outcome of a
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sting challenge. To what extent quality and quan-
tity of the venom injected by the insect influence
the response is unknown. Schumacher et al.'®
showed that honeybee (Apis mellifera) venom con-
tent was markedly different among insects caught
in one area. With respect to yellow jacket venom
this could be even more relevant because several
species of yellow jackets are present. In the past
extensive cross-reactivity among vespid species
has been shown. This however, does not exclude
the presence of unique allergenic determinants."”
In 1992, all insects used for sting challenge were
analyzed by an entomologist. Thirty-three were
shown to belong to the subspecies Vespula ger-
manica and two to the subspecies V. vulgaris.
Because insects for SC1 and SC2 were obtained
from the same source, it is probable that both
sting challenges were carried out predominantly
with V. germanica. Thus these data do not support
the hypothesis that subspecies-related variability
was a major contributing factor to the lack of
reproducibility of sting challenge responses ob-
served in some patients.

Patient factors such as specific IgE, 1gG (sub-
types), and skin test threshold concentration have
not proven to be predictive for the outcome of a
sting challenge.> “ > '* Other patient factors are
partly speculative and have been discussed by
others.* ' These include non-IgE-mediated re-
sponses, involvement of the complement system,
spontaneous loss of hypersensitivity, and pharma-
cologic or toxic reactions. All of these factors may
contribute to the lack of reproducibility of a single
negative sting challenge response.

A diagnostic sting challenge may be useful in
cases in which uncertainty exists with regard to
the causative insect or the outcome of the reac-
tion. A positive response will establish an indica-
tion for VIT. A single negative response must,
however, be interpreted with caution. Moreover, it
is apparent from our data and that of others>* *°
that sting challenges in untreated patients can
result in serious reactions. This procedure may
therefore only be deemed ethical if it results in a
benefit for the patient. For most patients, the
sting challenge provides no useful information
and thus no benefit. Furthermore, a negative sting
challenge response may give patients and physi-
cians a false sense of security and result in delay
or omission of appropriate preventive and thera-
peutic measures.

In summary, until a means of identifying pa-
tients at low risk for repeat anaphylaxis has been
established, all patients with an appropriate clin-
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ical history and demonstrable levels of venom-
specific IgE should be considered for venom-
specific VIT. A diagnostic sting challenge may not
be used routinely to safely exclude patients from
this treatment.

We thank Robert Terko Simon Thomas, entomolo-
gist, for identification of the insects in 1992.
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