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Insect allergy in children

David B.K. Golden
Purpose of review

Some aspects of insect sting allergy are unique in children.

This review will identify and update the published data that

exist pertaining specifically to insect allergy in children.

Recent findings

Children have a different pattern of insect sting allergy than

adults. Honeybee allergy is more common in children.

Severe systemic reactions are less common than in adults

but the risk of recurrence can persist for decades. Systemic

reactions are limited to mild ‘cutaneous’ reactions in over

60% of children (but only 15% of adults). Children with mild

systemic reactions rarely get worse. Children with moderate

or severe systemic reactions still had a 30% chance of a

similar reaction even 20 years later. The long-term immune

tolerance induced by venom immunotherapy is greater in

children than adults. Children who had received venom

immunotherapy for 3–5 years were still immune 10–20

years later.

Summary

Children with insect sting allergy are tested and treated in

much the same way as adults. Children with mild systemic

reactions do not require testing or immunotherapy. Children

with moderate to severe systemic reactions are at risk for

decades and should receive venom immunotherapy, which

gives very long-lasting protection.
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Introduction
In children, as in adults, stings can cause local or gener-

alized allergic reactions. Large local reactions represent

late-phase IgE-mediated allergic inflammation that

increases over 24–48 h to a size often exceeding five

inches (12.7 cm), and resolves in 5–10 days. Systemic

(generalized) reactions may include any of the signs and

symptoms of anaphylaxis. Other, unusual patterns of

reaction have been reported which are not IgE mediated.

The diagnosis and management of insect sting allergy

has been reviewed in detail elsewhere [1�,2,3��,4��,5].

The purpose of this review is to identify and update

the published data that exist pertaining specifically to

children.

Epidemiology and natural history
Insect sting allergy can occur at any age, often following a

number of uneventful stings, but occurs more frequently

when there is frequent exposure. Unlike allergies in

general, insect sting allergy was more common in boys

than in girls (as it is in adults) [6–8]. Although clearly

familial in a few cases, this condition is not statistically

more likely in those with a family history of sting reac-

tions, and there is only a weak correlation with other

allergic conditions [9].

Early studies described the medical records of a popu-

lation of Boy Scouts attending a summer camp, of whom

0.8% had a history of allergic reactions to stings [10,11]. In

another study, only 0.34% of 1175 schoolchildren had a

history of systemic reaction to stings [7]. In a random

sample of adults, 3% reported systemic allergic reactions

[9]. The frequency of large local reactions is uncertain,

but is estimated at 10% in adults. There are at least 50

fatal sting reactions each year in the United States and it

is believed that many other sting fatalities are unrecog-

nized [12–14]. The majority of deaths occurred in those

over 45 years old, but insect sting fatalities have occurred

in children, and are generally due to airway obstruction

[12,13,15].

There are few studies describing the prevalence of

positive venom skin tests or radio-allergosorbent test

(RAST) responses in a pediatric population. In the report

by Novembre et al. [7], only 3.7% of 1175 children had

positive venom skin tests, but they only performed

puncture tests at 100mg/ml concentration, without intra-

dermal tests or RAST. Allergic sensitization to venom is

common in adults: over 30% of adults stung in the

previous 3 months showed venom-specific IgE by skin
orized reproduction of this article is prohibited.

289

mailto:dgolden1@jhmi.edu


C

290 Insect allergy
test or RAST, and over 20% of all adults tested positive

[9]. This asymptomatic sensitization was often transient,

disappearing in 30–50% after 3–5 years, but was associ-

ated with a 17% frequency of a systemic reaction to a

subsequent sting [16]. Similar findings for the RAST

were reported in a rural population of 277 subjects of

whom 45 were children [17].

The natural history of insect sting allergy in children was

of special interest very early on because of observations

that children have a much higher frequency of isolated

cutaneous reactions and a lower frequency of vascular

symptoms and anaphylactic shock than adults [8,18].

Among 235 children evaluated for insect allergy, 123

had cutaneous systemic reactions (52% overall; or 68%

of those with a history of systemic reaction), 59 had more

severe systemic reactions (25% overall; or 32% of those

with a history of systemic reaction), and 53 (23%) had

large local reactions. In the Hymenoptera Venom Study

(a registry of the American Academy of Allergy Asthma

and Immunology that included almost 3000 cases of

whom 32% were under age 17 years), the severity of

the history in the children was mild in 44%, moderate in

44%, and severe in 12%. The respective observations

(mild, moderate, severe) for the adults age 17–39 years

were 31, 41 and 26%, and in adults over age 39 years were

29, 33 and 38% [6].

In untreated adults with a history of sting anaphylaxis and

positive venom skin tests who underwent sting challenge,

60% had another systemic reaction, some of which were

life-threatening [19]. In adults with a history of cutaneous

systemic reactions, venom immunotherapy (VIT) has

been recommended because of the concern that future

reactions could be life-threatening. The uncertain prog-

nosis in cutaneous systemic reactors affects the majority

of pediatric cases, and led to the extended follow-up of

children to determine their natural history. The initial

observations after 4 years reported that in untreated

children with a history of cutaneous systemic reactions,

9% of 196 field stings (in 18% of the patients) caused

another systemic reaction, none of which were more

severe than the historical reaction (hives only) [20].

Schuberth et al. [21] reported extended follow-up of an

expanded cohort of 268 cases for up to 9 years during

which 180 children had 491 field stings. There was no

abnormal reaction in 65% of the stings, large local reac-

tion in 25%, cutaneous systemic (hives) in 9% and a

moderate systemic reaction in two stings (0.4%). Among

the 180 patients, five (2.8%) had systemic reactions that

were more severe than the historical reaction: three

(1.7%) had more severe cutaneous systemic reactions

and two (1.1%) had a moderate reaction with respiratory

symptoms. This was a dramatically lower risk than the

adult population described by Hunt et al. [19], and led to

the recommendation not to treat (or even test) children
opyright © Lippincott Williams & Wilkins. Unautho
with a history of cutaneous systemic reaction to a sting

[2,3��,4��,22,23]. A later study of 113 children, mostly

with large local and cutaneous systemic reactions, found

that 13% had a systemic reaction to a subsequent sting

[24]. A second sting challenge 2–6 weeks later caused

systemic reactions in 17% of the children. The natural

history of large local reactions has been observed in small

numbers of patients, with consistent rates of systemic

reaction in the range of 4–7% [25–27].

The data from those studies gave a new perspective to

the puzzle of why whole body extracts (WBEs) were

believed to have been clinically efficacious when in fact,

they are no better than placebo. Many of the subjects

described in the reports of WBEs had been children, or

patients with large local reactions, both of whom are now

known to have only 5–10% chance of a systemic reaction

to a sting. Patients who were thought to have benefited

from WBE treatment had actually benefited simply from

the natural history of the disease and the inaccuracy of

diagnosis with WBE [28].

The situation in children who have had more serious

systemic reactions is not as well studied as in adults.

Reisman [29] reported on the natural history in 220

patients. Among the 112 who had a history of systemic

reaction at age 16 years or less, subsequent stings caused

systemic reaction in 40%, compared with 73% in the

adults. In the total group (all ages), there was no decline

in the reaction rate with time over more than 10 years, but

there was considerable variability in the occurrence of

systemic reactions with different stings in the same

patient. Settipane and Chafee [30] followed 119 patients

of whom half were under age 12 years, and reported that

field stings caused systemic reactions that were the same

or worse than the historical reaction in 55%, and milder

than the original in 5% (total 60% reaction rate). There

are no clear data on whether any differences might exist

in different age groups of children, especially under age

5 years. Published studies include mostly children aged

5–15 years, with a mean age of 9 years.

Although the chance of a sting reaction in ‘high-risk’

patients falls from about 50% initially to 35% after 3–5

years, and perhaps 20% risk after 10–15 years, the risk can

persist for decades even with no intervening stings

[29,31]. The expected decline in risk with time did

not seem to occur in one study [29]. Although the same

principles apply in children, the actual long-term risk of

reaction in children has not been as well studied. We

recently reported our survey in which we performed a

10–20-year follow-up on the 1033 children who had been

evaluated for insect allergy at our center between 1978

and 1985 [25]. These subjects had a history of large local,

mild cutaneous systemic, or anaphylactic systemic reac-

tion to stings, and included those who had received a
rized reproduction of this article is prohibited.
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course of VIT and others who remained untreated. We

were able to contact 50% of the subjects, and over 40%

had been stung during the observation period of 1987–

1999. Our data confirm that the large local reactors have a

5–10% chance of a systemic reaction to a later sting (7%

in our study). The outcome in children with cutaneous

systemic reactions was quite similar to that reported in

part of this population after the first 4 years, or 9 years, of

observation by Valentine and Schuberth respectively. We

observed 13% of such children to have a systemic reaction

when stung 10–20 years after their original reaction.

Compared with the previous reports, we did find that a

somewhat higher proportion of these children progressed

to a ‘‘moderate’’ reaction, involving some mild respiratory

symptoms in addition to the cutaneous signs and symp-

toms. We estimate, after adjustment for selection and

reporting bias, that there is about a 3% chance of the

systemic reaction becoming worse with subsequent stings

in such children. Notably, there has not been a single

child in our cohort of 352 children with a history of mild

systemic reactions who reported a severe grade of reac-

tion to a subsequent sting. Our results are still consistent

with the clinical recommendation that such children do

not require VIT.

Our study also included children with a history of mod-

erate or severe systemic reactions to stings. Most of these

subjects (71%) had received VIT, so there are limited

data on the long-term outcome in untreated cases. Never-

theless, the frequency of systemic reaction to stings 10–

20 years after the original reaction was significantly higher

in the untreated (32%) than in either the treated (5%)

subjects with a history of moderate or severe reactions, or

the untreated children with a history of cutaneous

systemic reaction (13%). Furthermore, in children who

had a history of anaphylaxis, many of the reactions that

occurred during the observation period were severe.

These results are the first to demonstrate that even

though most children ‘outgrow’ insect sting allergy, a

substantial number remain at risk for life-threatening

reactions even after 10–20 years. This provides a clear

rationale to recommend a course of VIT to such children.

Diagnosis
The standard method of testing is the same in children as

in adults, and the results are generally similar with regard

to the strength and number of sensitivities detected. In

adults, it has become apparent that a surprising number

who have a clear history of systemic reaction to a sting are

found to have negative venom skin tests, some of whom

will still have a systemic reaction to a subsequent sting

(almost all of whom have positive venom RAST) [32]. It

is not clear to what extent this might occur in children.

Skin tests were positive in 87% of the 235 children

evaluated for insect sting allergy by Schuberth et al.
[8], but in another study [33], the skin tests were positive
opyright © Lippincott Williams & Wilkins. Unauth
in only 76% of almost 3000 patients (one third were less

than 17 years old) with a history of systemic reaction to

stings. The degree of skin test sensitivity does not

correlate reliably with the degree of clinical sting reaction

in adults or children [8,34]. The strongest skin tests often

occur in patients who have had only large local reactions

and have a very low risk of anaphylaxis, whereas some

patients who have had severe anaphylaxis show only

weak skin test results. Schuberth et al. [8] also showed

that honeybee venom sensitivity was more common in

children than in the adults evaluated at the same center.

As in adults, the skin test technique is preferred over the

RAST for optimal diagnostic sensitivity. About 10% of

insect allergic patients who have negative venom skin

tests will show positive results in the RAST. These tests

are therefore complementary and some patients will need

both tests to make a diagnosis. In one study, there was no

correlation between the venom-IgE antibody level and

the venom skin test response [8]. The mean venom-IgE

level in children before starting VIT (31 ng/ml) was

higher than that of adults (10 ng/ml) [35].

Diagnostic evaluation for fire ant allergy is limited by the

availability of only whole-body extracts and not the

venoms for testing and treatment. In children, the venom

was clearly superior for diagnosis, since whole body

extract had a 26% frequency of false-negative results

[36]. A venom RAST is available in some laboratories.

Venom immunotherapy
VIT may be recommended to prevent systemic reactions

to insect stings in all individuals with a history of a past

systemic reaction to a sting and positive venom skin tests.

The relative need for treatment varies with the severity

of the previous reaction. Although VIT has been estab-

lished as being effective in children, there are no con-

trolled studies of VIT in children [37]. Schuberth and

Valentine and colleagues [18,20] showed that VIT was

effective for children with mild (cutaneous) systemic

reactions. Reisman et al. [38] compared the outcome of

field stings in patients who did and did not receive VIT.

Of the 127 untreated patients surveyed, 34 were under

age 16 years. In the 48 treated patients who were stung

(the number of children is not indicated), the two

systemic reactions occurred in adults. In 15 untreated

children who were stung, six (40%) had systemic reac-

tions.

There are a few special considerations in children, relat-

ing mostly to the indications for treatment. The first is the

recommendation, discussed above, that children who

have a history of only cutaneous systemic reactions do

not require VIT. Some have thought this to suggest that

even children with more severe reactions are likely to

outgrow the sensitivity, but our data show otherwise [25].
orized reproduction of this article is prohibited.
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The recommended treatment regimen is the same in

children as in adults, and safety has been at least as good

or better [2,4��,39,40]. Rush regimens for initial VIT have

been reported to be safe in children [41]. The recom-

mended maintenance dose is 100mg of each venom. In

adults, lower doses (50mg) often give incomplete protec-

tion, resulting in systemic reactions to stings in 15–20% of

patients. The mean venom-specific IgG antibody response

is greater in children than in adults, but the clinical efficacy

of lower doses has not been tested [35,42]. The safety and

efficacy of VIT is especially unreported for children under

age 5 years, but some children have been treated success-

fully even at age 2–3 years.

Fire ant immunotherapy is often indicated in children

because they have a very high exposure rate in endemic

areas, and can have anaphylactic reactions [5]. The natural

history of fire ant allergy in children has not been well

studiedandtheefficacyoftheavailablewholebodyextracts

is supported by uncontrolled studies in adults [43,44].

Maintenance VIT is usually administered every 4 weeks

for at least a year, and then may be given at lengthening

intervals of every 6–8 weeks over several years in most

cases. Although repeat skin tests or RASTs have been

suggested every 2–3 years to determine when there has

been a significant decline in venom-IgE, the low fre-

quency of negative results makes the value of repeated

testing questionable especially in children. Venom-

specific IgE antibody levels rise in the first months of

therapy, return to baseline after 12 months and then

decline steadily during maintenance treatment (even

after therapy is stopped and even after a sting). Skin

tests generally remain unchanged in the first 3–5 years,

but show a significant decline after 4–7 years [39,45–47].

The recommended duration of VIT is 3–5 years [2,4��].

Some adults require prolonged treatment because of high

risk factors including near-fatal previous reaction,

systemic reaction during VIT (to an injection or a sting),

or honeybee venom allergy [31,48,49]. These caveats

have not been confirmed in children but caution is

generally recommended in such cases. In adults, the

clinical and immunologic outcome was better with treat-

ment of at least 5 years than with 3 years [49,50]. The

relapse rate after stopping VIT in children is in the range

of 5–10%, with most reactions being mild [21,46,51,52].

In our long-term study of the outcome in insect allergic

children, there was a very low relapse rate after 10–20

years in patients who had received 3–5 years of treatment

(mean 3.5 years), an outcome that was significantly better

than that observed in our adult population [25].

Conclusion
Children have a different pattern of insect sting allergy

than adults. Honeybee allergy is more common in chil-
opyright © Lippincott Williams & Wilkins. Unautho
dren. Severe systemic reactions are less common than in

adults but the risk of recurrence can persist for decades.

Children with cutaneous systemic reactions have a

benign prognosis and do not require VIT. Children with

moderate or severe systemic reactions should receive

VIT with the same dose and regimen as that used in

adults, although it would seem practical to consider

reduced doses in very young children (3–6-year-olds).

The long-term immune tolerance induced by VIT is

greater in children than adults.

References and recommended reading
Papers of particular interest, published within the annual period of review, have
been highlighted as:
� of special interest
�� of outstanding interest

Additional references related to this topic can also be found in the Current
World Literature section in this issue (p. 306).

1

�
Golden DBK. Insect sting allergy and venom immunotherapy: A model and a
mystery. J Allergy Clin Immunol 2005; 115:439–447.

This gives an historical perspective of the pitfalls and lessons learned from insect
allergy research of the past 50 years.

2 Moffitt JE, Golden DBK, Reisman RE, et al. Stinging insect hypersensitivity:
A practice parameter update. J Allergy Clin Immunol 2004; 114:869–886.

3

��
Bilo BM, Rueff F, Mosbech H, et al. EAACI. Diagnosis of Hymenoptera venom
allergy. Allergy 2005; 60:1339–1349.

This is a comprehensive, well-referenced and up-to-date review of the evidence
base for current clinical practice.

4

��
Bonifazi F, Jutel M, Bilo BM, et al. EAACI. Prevention and treatment of
Hymenoptera venom allergy: guidelines for clinical practice. Allergy 2005;
60:1459–1470.

This is a comprehensive, well-referenced and up-to-date review of the evidence
base for current clinical practice.

5 Freeman TM. Clinical practice Hypersensitivity to Hymenoptera stings. N Engl
J Med 2004; 351:1978–1984.

6 Lockey RF, Turkeltaub PC, Baird-Warren IA, et al. The Hymenoptera venom
study. I. 1979–1982:demographic and history-sting data. J Allergy Clin
Immunol 1988; 82:370–381.

7 Novembre E, Cianferoni A, Bernardini R, et al. Epidemiology of insect venom
sensitivity in children and its correlation to clinical and atopic features. Clin
Exp Allergy 1998; 28:834–838.

8 Schuberth KC, Lichtenstein LM, Kagey-Sobotka A, et al. An epidemiologic
study of insect allergy in children. I. Characteristics of the disease. J Pediatr
1982; 100:546–551.

9 Golden DBK, Marsh DG, Kagey-Sobotka A, et al. Epidemiology of insect
venom sensitivity. JAMA 1989; 262:240–244.

10 Settipane GA, Boyd GR. Prevalence of bee sting allergy in 4991 Boy Scouts.
Acta Allergol 1970; 25:286–291.

11 Settipane GA, Newstead GJ, Boyd GK. Frequency of Hymenoptera allergy in
an atopic and normal population. J Allergy 1972; 50:146–150.

12 Barnard JH. Studies of 400 Hymenoptera sting deaths in the United States.
J Allergy Clin Immunol 1973; 52:259–264.

13 Hoffman DR. Fatal reactions to Hymenoptera stings. Allergy Asthma Proc
2003; 24:123–127.

14 Schwartz HJ, Sutheimer C, Gauerke B, et al. Venom-specific IgE antibodies in
postmortem sera from victims of sudden unexpected death. J Allergy Clin
Immunol 1984; 73:189.

15 Parrish HM. Analysis of 460 fatalities from venomous animals in the United
States. Am J Med Sci 1963; 35:129–141.

16 Golden DBK, Marsh DG, Freidhoff LR, et al. Natural history of Hymenop-
tera venom sensitivity in adults. J Allergy Clin Immunol 1997; 100:760–
766.

17 Schafer T, Przybilla B. IgE antibodies to Hymenoptera venoms in the serum
are common in the general population and are related to indications of atopy.
Allergy 1996; 51:372–377.

18 Schuberth KC, Lichtenstein LM, Kagey-Sobotka A, et al. Epidemiologic study
of insect allergy in children. II. Effect of accidental stings in allergic children.
J Pediatr 1983; 102:361–365.
rized reproduction of this article is prohibited.



C

Insect allergy in children Golden 293
19 Hunt KJ, Valentine MD, Sobotka AK, et al. A controlled trial of immunotherapy
in insect hypersensitivity. N Engl J Med 1978; 299:157–161.

20 Valentine MD, Schuberth KC, Kagey-Sobotka A, et al. The value of immu-
notherapy with venom in children with allergy to insect stings. N Engl J Med
1990; 323:1601–1603.

21 Schuberth KC, Kwiterovich KA, Kagey-Sobotka A, et al. Starting and stopping
venom immunotherapy in children with insect allergy. J Allergy Clin Immunol
1988; 81:200.

22 Golden DBK, Schwartz HJ. Guidelines for venom immunotherapy. J Allergy
Clin Immunol 1986; 77:727–728.

23 Gruchalla RS. Immunotherapy in allergy to insect stings in children. N Engl J
Med 2004; 351:707–709.

24 Hauk P, Friedl K, Kaufmehl K, et al. Subsequent insect stings in children with
hypersensitivity to Hymenoptera. J Pediatr 1995; 126:185–190.

25 Golden DBK, Kagey-Sobotka A, Norman PS, et al. Outcomes of allergy to
insect stings in children with and without venom immunotherapy. N Engl J Med
2004; 351:668–674.

26 Graft DF, Schuberth KC, Kagey-Sobotka A, et al. A prospective study of the
natural history of large local reactions following Hymenoptera stings in
children. J Pediatr 1984; 104:664–668.

27 Mauriello PM, Barde SH, Georgitis JW, Reisman RE. Natural history of large
local reactions from stinging insects. J Allergy Clin Immunol 1984; 74:494–
498.

28 Golden DBK, Langlois J, Valentine MD. Treatment failures with whole
body extract therapy of insect sting allergy. JAMA 1981; 246:2460–
2463.

29 Reisman RE. Natural history of insect sting allergy: relationship of severity of
symptoms of initial sting anaphylaxis to re-sting reactions. J Allergy Clin
Immunol 1992; 90:335–339.

30 Settipane GA, Chafee FH. Natural history of allergy to Hymenoptera. Clin
Allergy 1979; 9:385–391.

31 Golden DBK, Kagey-Sobotka A, Lichtenstein LM. Survey of patients after
discontinuing venom immunotherapy. J Allergy Clin Immunol 2000; 105:
385–390.

32 Golden DBK, Kagey-Sobotka A, Hamilton RG, et al. Insect allergy
with negative venom skin tests. J Allergy Clin Immunol 2001; 107:
897–901.

33 Lockey RF, Turkeltaub PC, Olive CA, et al. The Hymenoptera venom study II.
Skin test results and safety of venom skin testing. J Allergy Clin Immunol 1989;
84:967–974.

34 Day J, Buckeridge D, Welsh A. Risk assessment in determining systemic
reactivity to honeybee stings in sting-threatened individuals. J Allergy Clin
Immunol 1994; 93:691–705.

35 Graft DF, Schuberth KC, Kagey-Sobotka A, et al. Immunologic effects of
prolonged venom immunotherapy in children.(abstract) J Allergy Clin Immunol
1983; 71:140.
opyright © Lippincott Williams & Wilkins. Unauth
36 Bahna SL, Strimas JH, Reed MA, Butcher BT. Imported fire ant allergy in
young children: Skin reactivity and serum IgE antibodies to venom and whole
body extract. J Allergy Clin Immunol 1988; 82:419–424.

37 Ross RN, Nelson HS, Finegold I. Effectiveness of specific immunotherapy in
the treatment of Hymenoptera venom hypersensitivity: A meta-analysis. Clin
Ther 2000; 22:351–358.

38 Reisman RE, Dvorin DD, Randolph CC, Georgitis JW. Stinging insect allergy:
natural history and modification with venom immunotherapy. J Allergy Clin
Immunol 1985; 75:735–740.

39 Graft DF, Schuberth KC, Kagey-Sobotka A, et al. Assessment of prolonged
venom immunotherapy in children. J Allergy Clin Immunol 1987; 80:162–
169.

40 Lockey RF, Turkeltaub PC, Olive ES, et al. The Hymenoptera venom study III:
Safety of venom immunotherapy. J Allergy Clin Immunol 1990; 86:775–780.

41 Schiavino D, Nucera E, Pollastrini E, et al. Specific ultrarush desensitization in
Hymenoptera venom allergic patients. Ann Allergy Asthma Immunol 2004;
92:409–413.

42 Golden DBK, Kagey-Sobotka A, Hamilton RG, et al. Human immune response
to Hymenoptera venoms. J Allergy Clin Immunol 1983; 71:140.

43 Freeman TM, Hyghlander R, Ortiz A, Martin ME. Imported fire ant immuno-
therapy: effectiveness of whole body extracts. J Allergy Clin Immunol 1992;
90:210–215.

44 Moffitt JE, Barker JR, Stafford CT. Management of imported fire ant allergy:
results of a survey. Ann Allergy Asthma Immunol 1997; 79:125–130.

45 Graft DF, Schuberth KC, Kagey-Sobotka A, et al. The development of
negative skin tests in children treated with venom immunotherapy. J Allergy
Clin Immunol 1984; 73:61–68.

46 Graft DF, Schoenwetter WF. Insect sting allergy: analysis of a cohort of
patients who initiated venom immunotherapy from 1978 to 1986. Ann Allergy
1997; 73:481–485.

47 Schuberth KC. Discontinuing venom immunotherapy in skin test positive
children [abstract]. J Allergy Clin Immunol 1987; 79:126.

48 Golden DBK, Kwiterovich KA, Addison BA, et al. Discontinuing venom
immunotherapy: Extended observations. J Allergy Clin Immunol 1998; 101:
298–305.

49 Lerch E, Muller U. Long-term protection after stopping venom immunotherapy.
J Allergy Clin Immunol 1998; 101:606–612.

50 Keating MU, Kagey-Sobotka A, Hamilton RG, Yunginger JW. Clinical and
immunologic follow-up of patients who stop venom immunotherapy. J Allergy
Clin Immunol 1991; 88:339–348.

51 Graft DF, Golden DBK, Reisman RE, et al. The discontinuation of Hymen-
optera venom immunotherapy. Report from the Committee on Insects of the
American Academy of Allergy Asthma and Immunology. J Allergy Clin Immunol
1998; 101:573–575.

52 Urbanek R, Forster J, Kuhn W. Discontinuation of bee venom immunotherapy
in children and adolescents. J Pediatr 1985; 107:367–371.
orized reproduction of this article is prohibited.


	Insect allergy in children
	Introduction
	Epidemiology and natural™history
	Diagnosis
	Venom™immunotherapy
	Conclusion
	References and recommended reading


