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Abstract

Background: The importance of serum basal tryptase (sBT) levels on patients

with venom allergy is highlighted in recent adulthood studies. The aim of this

study was to evaluate the sBT levels of venom-allergic children with varying

severity of clinical reactions. We also aimed to document the association between

sBT levels and severe systemic reactions (SR).

Methods: Serum basal tryptase levels were estimated by UniCAP (Pharmacia &

Upjohn, Uppsala, Sweden). Children who suffered from large local reaction

(LLR) or SR after insect stings were included along with healthy control subjects

without a history of any local or SR after insect stings.

Results: A total of 128 children (55 with SR, 18 with LLR, and 55 age and sex-

matched control subjects) with a median age of 8.9 years (range 3.2–17.4) were

enrolled. Severe SR was encountered in 24 (44%) patients with SRs. The median

level of sBT in children with SRs (median, interquartile range) [4.2 lg/l (3.6–4.9)]
was significantly higher than in children with LLRs [3.1 lg/l (2.5–4.0)] and

healthy control subjects [2.9 lg/l (2.3–3.4)] (P < 0.001). Logistic regression analy-

sis revealed sBT � 4.8 lg/l as a significant risk factor for severe SR (5.7 [1.5–

21.4]; P = 0.01) in children with venom allergy.

Conclusions: Our results indicate that sBT levels are associated with a higher risk

of severe SR in children with insect venom hypersensitivity. Determination of

sBT levels may help clinicians to identify patients under risk of severe SRs and

optimal and timely use of therapeutic interventions in children with venom

allergy.

Hymenoptera stings are frequently encountered in the pop-

ulation and may lead to different clinical reactions ranging

from local reactions to severe and life-threatening systemic

anaphylactic reactions in sensitized individuals (1). Reac-

tions in children are generally reported as less severe than

adults and predominantly isolated cutaneous symptoms

without respiratory or cardiovascular involvement (2).

Although the results of previous studies including predomi-

nantly adult patients have established several risk factors

associated with the severity of reactions, it is not still possi-

ble to accurately predict the type and severity of future

reactions (3, 4).

Along with the established risk factors such as older age,

accompanying asthma, vespid venom allergy, underlying

cardiovascular diseases and use of angiotensin-converting

enzyme inhibitor and beta blocker medications, recent studies

have determined increased serum basal tryptase (sBT) levels

particularly in patients with a history of severe systemic reac-

tion (SR) (3, 5–9). Moreover, such patients are recommended

to undergo further investigations regarding underlying masto-

cytosis or monoclonal mast cell activation syndromes (5–7).
Increased sBT levels have also been established as a risk fac-

tor for potential side-effects during venom immunotherapy

(10). However, there is a lack of data regarding the role of

sBT levels in the type and severity of clinical reaction in the

pediatric literature.

The aim of this study was to evaluate the sBT levels of

venom-allergic children with different type and severity of

clinical reactions along with children without insect venom

allergy.
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Materials and methods

Patients

Children who were referred to the pediatric allergy outpatient

department with a history of large local reaction (LLR) or

systemic reaction (SR) after hymenoptera sting from January

2010 to October 2011 were consecutively enrolled and ana-

lyzed along with control subjects who admitted to outpatient

department of our unit with various symptoms of suspected

atopic diseases such as asthma, rhinitis, dermatitis, and urti-

caria. None of the patients in the control group had a docu-

mented history of any local or systemic reaction after insect

stings or a concurrent illness that would cause a change in

tryptase value. All children and their parents were inter-

viewed, and a questionnaire including information about

insect sting history, medication, and demographic data was

performed. The children with a clinical history of an LLR

after hymenoptera stings without any evidence of previous

systemic reactions were enrolled in the LLR group. The

index sting, to which all other information was referred, was

defined as that field sting that had resulted in the hitherto

most severe SR (in SR group) or LLR (in LLR group)

according to the individual patient’s history. If a patient had

several sting reactions with a comparable degree of severity

and that were the most severe reactions overall, the first,

most severe sting was taken as the index sting (7). Picture

cards of insects (wasps and bees) were displayed to children

and parents who had noticed the sting in order to determine

the implicated insect. For all sting reactions, the presence of

detailed systemic symptoms was queried and recorded. The

study had approval from the Institutional Review Board of

Hacettepe University, and written informed consent forms

were obtained from the children and their parents.

Diagnosis of venom allergy

Diagnosis of hymenoptera venom allergy was made by using

guidelines published by the European Academy of Allergy and

Clinical Immunology (EAACI) and the American Academy of

Allergy, Asthma and Immunology (1, 11). Children with a

history of previous systemic sting reaction were diagnosed as

having venom allergy after confirming the sensitization by a

skin test reaction (prick and intradermal tests with Vespula

(wasp) and Apis mellifera (bee) venoms at least 2 weeks after

the reaction) and/or the detection of specific IgE (sIgE) to the

implicated type of insect as shown by increased titers of sIgE

(>0.35 kU/l) measured by the Pharmacia CAP System method

(Uppsala, Sweden) (1). Skin tests (prick or intradermal) were

not performed in children with a history of LLRs and children

without any reaction after stings (12, 13).

Large local reaction is defined as edema and erythema at

the site of the sting exceeding a diameter of 10 cm which

lasts longer than 24 h (1).

Severity of systemic reactions

The severity of SRs was graded according to the system pro-

posed by Ring and Messmer who described 4 different grades

(4, 14). A mild SR was defined as a Grade I or II reaction,

whereas a severe SR as Grade III or IV.

Study measurements

Skin tests

Skin tests were performed with bee and wasp venom (Apis Mel-

lifera, Vespula, Stallergenes, France) in children with systemic

reactions (1). Skin prick test was performed with 1 lg/ml of

venom concentration; if negative, then intradermal injections

with concentration of tenfold dilutions ranging from 0.001–
1 lg/ml and 0.02 ml of venom were done into the volar surface

of the forearm (1). Skin prick test was considered positive if a

mean diameter of the resulting wheal was at least 3 mm after

15 min compared to the negative control. Intradermal test was

read as positive at a mean wheal diameter of at least 5 mm with

erythema with concentration of 1 lg/ml or less. Histamine and

saline were used as positive and negative controls, respectively.

The test was terminated at the positive concentration.

All participants were also skin-prick-tested for common

aeroallergens for our region, including Dermatophagoides

pteronyssinus, Dermatophagoides farinae, Blattella germanica,

cat, horse, dog, Alternaria alternata, Aspergillus fumigatus,

Penicillium mixture (P. digitatum, P. expansum, and P. nota-

tum), Cladosporium herbarum, Phleum pratense, Poa pratensis,

Dactylis glomerata, Lolium perenne, Festuca pratensis, Avena

sativa, Cynodon dactylon, Parietaria judaica, Artemisia vulgaris,

Plantago, Chenopodium mixture, Salsola kali, Salix caprea,

Ulmus campestris, Quercus robur, hazel, Betula alba, Populus

alba, Platanus vulgaris, and Olea europaea, and histamine

(10 mg/ml of histamine phosphate) as positive and 0.9% sterile

saline as negative controls. (15). The tests were applied on the

volar surface of both forearms and recorded after 15 min, and

considered as positive if the mean wheal diameter was � 3 mm

compared to the negative control. ‘Aeroallergen sensitization’

was defined as ‘having at least one positive skin test response’

to one of the aeroallergens tested.

In vitro tests

Serum allergen sIgE level to bee and wasp venom and total

IgE (tIgE) levels were measured in all children with the

ImmunoCAP system (PhadiaAB, Uppsala, Sweden) accord-

ing to the manufacturer’s instructions. Specific IgE levels

were measured at least 2 weeks after the sting reaction(1).

The measuring range of the ImmunoCAP system is

0.35–100 kU/l. The results were graded as class 0, 1, 2, 3, 4,

5, and 6 with sIgE levels of <0.35, 0.35–0.7, 0.7–3.5, 3.5–17.5,
17.5–50, 50–100, and >100 kU/l, respectively. Results

>0.35 kU/l were considered as positive.

Eosinophil counts were performed at least 2 weeks after

the reaction and determined from Coulter Counter (Beckman

Coulter, Fullerton, CA, USA) leukocyte measurements.

Serum tryptase levels

Blood samples were collected between 8 and 12 am, at least

4 weeks after the hymenoptera sting. Sera were aliquoted

and frozen at �80°C until testing. Serum tryptase levels were

© 2013 John Wiley & Sons A/S. Published by Blackwell Publishing Ltd
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estimated by UniCAP (System ImmunoCAP Tryptase®,

Pharmacia & Upjohn). According to the manufacturer, the

interassay variability for tryptase levels between <1 and

100 mg/l is <5% and the upper 95th percentile for healthy

nonallergic subjects is 11.4 lg/l. A sBT of � 11.4 lg/l was

considered increased.

Diagnosis of asthma

In children with a history of symptoms suggestive of asthma,

the diagnosis was made in the presence of reversible airway

obstruction as defined by at least a 12% improvement in

FEV1 following bronchodilator administration in children

capable of doing spirometry or improvement in asthma

symptoms after inhaled steroid or leukotriene modifier agent

therapy (16).

Diagnosis of allergic rhinitis

Allergic rhinitis is clinically defined by the occurrence of

symptoms such as rhinorrhoea, nasal obstruction, nasal itch-

ing, and sneezing upon exposure of sensitized allergen for at

least a minimum duration of 2 years (17).

Pediatric allergy specialists made diagnoses of accompany-

ing diseases.

Statistical Analysis

The PASW Statistics software package version 18.0 (SPSS Inc,

Chicago, Illinois, USA) was used for all calculations.

Descriptive data for categorical and numerical variables were

expressed as frequencies and means with standard deviations

for normally distributed variables or medians with quartiles

in parenthesis for the non-normally distributed variables.

Group comparisons were established by using Mann–
Whitney U-test or ANOVA on ranks as appropriate and the

chi-square test or Fisher test for categorical variables. The

role of sBT levels in predicting clinical reactivity was

analyzed using logistic regression modeling. The diagnostic

performances of sBT levels to predict SR and severe SR were

determined by receiver operating characteristics (ROC) curve

analysis. Sensitivity, specificity, positive predictive value

(PPV), and negative predictive value (NPV) were calculated

for each selected cutoff points. A P level <0.05 was consid-

ered significant.

Results

Seventy-three children (55 with SR and 18 with LLR) with

insect venom allergy were enrolled along with 55 age- and

sex-matched control subjects. Male gender was more frequent

in children with LLRs (P = 0.032). Total IgE levels of chil-

dren with SR were significantly higher than that of children

in control group [160 (76–418) kU/l vs 42 (16–96) kU/l;

P < 0.001]. Demographic and laboratory features of study

population are presented in Table 1.

The median level of sBT in children with SRs (median,

interquartile range) [4.2 lg/l (3.6–4.9)] was significantly

higher than in children with LLRs [3.1 lg/l (2.5–4.0)] and

control subjects [2.9 lg/l (2.3–3.4)] (P < 0.001) (Figs 1 and 2

A). Of the 128 patients, sBT level was increased only in one

child (14.5 lg/l) in the SR group and screening for mastocy-

tosis was negative for him.

When reactions of children with SRs were graded accord-

ing to the classification of Ring-Messmer (Table 2), most of

them were Grades II and III. Data of children are presented

in Table 3.

Analysis using ROC curves identified the diagnostic role of

sBT levels in predicting severe SR risk in the group of children

with SRs (AUC: 0.66, 95% CI: 0.51–0.81, P = 0.046]. When

analyzed for the best cutoff value with the highest combined

sensitivity and specificity, a cutoff value of 4.8 lg/l for sBT

level was obtained with sensitivity, specificity, PPV, and NPV

of 45.8%, 87.1%, 73.3%, and 67.5%, respectively. The result

of univariate logistic regression analysis revealed that a sBT

level � 4.8 lg/l was a significant risk factor for severe SR in

Table 1 Characteristics of the study group

SR LLR NR

N 55 18 55

Current age* 10.1 (7.5–12.4) 8.4 (6.0–13.0) 8.1 (5.7–11.4)

Age at index sting reaction* 8.6 (6.0–11.1) 8.4 (5.3–11.1) –

Gender (M/F), n(%) 35/20 (64/36) 16/2 (89/11)† 30/25 (55/45)

Implicated insect (Bee/Wasp), n(%) 7/48 (13/87) 1/17 (6/94) –

Concomitant asthma, n(%) 10 (18) 3 (17) 6 (11)

Concomitant allergic rhinitis, n(%) 9 (16) 4 (22) 7 (13)

Aeroallergen sensitization, n(%) 16 (29) 4 (24) 10 (18)

Family history of atopic disease, n(%) 18 (33) 6 (33) 19 (35)

sIgE for implicated insect* 6.8 (3.4–27.1) 5.3 (0.5–11.2)

Total IgE (kU/l)* 160 (76–418) 91 (28–321) 42 (16–96)‡

Eosinophil (%)* 3.2 (1.8–4.1) 1.9 (1.2–4.5) 2.0 (1.2–4.9)

Eosinophil count (/mm3)* 200 (100–300) 150 (100–325) 200 (100–300)

sBT (lg/l)* 4.2 (3.6–4.9)‡ 3.1 (2.5–4.0) 2.9 (2.3–3.4)

sBT (lg/l), range 1.3–14.5 1.1–5.3 1.0–6.1

SR, systemic reaction; LLR, large local reaction; NR, no reaction; sBT, serum basal tryptase.

*Median (interquartile range); †P < 0.05; ‡P < 0.001.

© 2013 John Wiley & Sons A/S. Published by Blackwell Publishing Ltd
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venom-allergic children with SRs (OR[95% CI]; 5.7 [1.5–21.4];
P = 0.01). The prevalence of children with sBT n 4.8 lg/l were
significantly higher in severe SR group when compared to chil-

dren with mild SRs (P = 0.007) (Table 3 and Fig. 2B).

The predicted probabilities for a severe SR at a given sBT

level that were calculated by logistic regression analysis are

presented in Fig. 3. The curve of predicted probabilities for

sBT determines that severe SR probability increases at levels

greater than 5 lg/l.

Discussion

In the present study, we found out that sBT levels of children

with SRs were higher than those of children with LLRs or

Figure 1 Serum tryptase levels of study population.

A

B

Figure 2 (A) Distribution of serum basal tryptase levels of study

population. (B) Distribution of serum basal tryptase levels of children

with systemic reactions.

Table 2 Frequency and classification of systemic reactions

(n = 55) modified according to Ring and Messmer

Severity Classification Symptoms

Frequency,

n(%)

Mild Grade I Generalized skin symptoms

(e.g., flush, generalized

urticaria, angioedema)

3 (5.5)

Grade II Mild-to-moderate pulmonary,

cardiovascular, and/or

gastrointestinal symptoms

22 (40)

Severe Grade III Anaphylactic shock, loss of

consciousness

23 (41.8)

Grade IV Cardiac arrest, apnea 7 (12.7)

Table 3 Demographic and laboratory data of children with SRs

Mild SR Severe SR

N 31 24

Age* 10.6 (7.6–12.4) 9.6 (7.1–12.7)

Gender (M/F), n(%) 18/13 (58/42) 17/7 (71/29)

Age at last SR* 8.5 (6.1–10.8) 9.0 (5.3–11.7)

Implicated insect

(Bee/Wasp), n(%)

3/28 4/20

Aeroallergen

sensitization, n(%)

10 (32) 6 (25)

Concomitant

asthma, n(%)

8 (26) 5 (22)

Concomitant allergic

rhinitis, n(%)

6 (19) 4 (17)

sIgE for implicated

insect*
6.6 (2.7–18.1) 13.6 (4.0–40.3)

Total IgE* 136 (66–375) 201 (106–470)

Eosinophil (%)* 2.9 (1.5–4.1) 3.2 (1.9–4.4)

Eosinophil (/mm3)* 200 (100–300) 200 (148–375)

sBT (lg/l)* 4.0 (3.2–4.5) 4.5 (3.8–5.8)†

Patients with

sBT>4.8 lg/l, n(%)

4 (13) 11 (46) †

*median (IQR); †P < 0.05.

Figure 3 Predicted risk for severe systemic reaction according to

serum basal tryptase levels.

© 2013 John Wiley & Sons A/S. Published by Blackwell Publishing Ltd
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children with no reactions after insect stings. Moreover, we

determined the role of sBT levels in predicting severe SR risk

in children with venom allergy.

The results of the studies from children with venom allergy

usually report a milder clinical presentation than adults with

predominantly isolated cutaneous symptoms and rare severe

respiratory or cardiovascular symptoms (2, 18, 19). However,

approximately half of the cases in our study population with

a history of SR had encountered severe reactions and this is

a relatively high prevalence when compared to previous stud-

ies. Our center is the largest referral center in Turkey and

referral of predominantly severe cases might have contributed

to this conclusion. Further multicenter studies with a larger

group of children are required for better understanding of

the natural course of the condition.

Venom-induced systemic reactions have been rarely

reported in patients with mastocytosis, and this association

was considered as co-incidental till the end of 1990s (20, 21).

However, this opinion has changed after documentation of

the relationship between sBT levels and severe SR by

Ludolph-Hauser et al. in 2001 (6). This association was

reconfirmed in two subsequent studies by Haeberli et al. and

Kucharewicz et al. (22, 23) in different populations consisted

a total of 368 predominantly adult patients. A significant

increase in SR severity and sBT levels by age was also deter-

mined, and they have recommended longer durations of

immunotherapy – maybe lifetime – for elder patients with

high sBT levels (23). Similar conclusions and recommenda-

tions were repeated in the study of Blum et al. (24) which

they have retrospectively analyzed the data of 758 adult

patients with venom allergy in 2011. The results of the obser-

vational multicenter study by EAACI interest group on

insect venom hypersensitivity in 962 adult patients who had

a history of anaphylaxis/SR concluded that higher sBT levels

were significantly associated with severe anaphylaxis along

with other factors such as vespid venom allergy, older age,

male sex, angiotensin-converting enzyme inhibitor medica-

tion, and one or more preceding field stings with a less

severe SR (7). Major difference in the results of this study

from the previous ones was that minor increases (>5 lg/l) in
sBT levels significantly increased the risk of severe SR even

in normally accepted ranges (<11.4 lg/l). A sBT level higher

than 6.6 lg/l has been reported to increase severe SR risk in

the study of Guenova et al. (9).

Several childhood studies have investigated the natural

course of serum basal tryptase levels, and they are found signif-

icantly higher in younger infants compared with older ones

along with a gradual decrease before reaching levels similar to

adults (25, 26). Moreover, a significant and continual increase

was also determined by age (27–29). The cutoff value for sBT

levels (4.8 lg/l) that were determined by analyzing the data of

children with a history of SR/anaphylaxis is similar to the

value (5 lg/l) that was determined by Rueff et al. (7) for adult

patients. Our findings may encourage physicians to initiate

venom immunotherapy particularly in children with sBT levels

higher than 4.8 lg/l and with a history of mild SRs after stings.

Further studies with larger study populations may be required

to reconfirm this finding.

Although the study groups were significantly different in

terms of median sBT levels and prevalence of children with

high (>4.8 lg/l) sBT levels, the differentiation value of the

obtained cutoff level was not strong enough for an individual

as there was significant overlap between groups. This issue

may be related to predominant referral of severe cases due to

the tertiary nature of our center, and it may limit the use of

cutoff values in daily clinical settings. This limitation can be

overcame by the associated usage of further laboratory and/

or clinical findings along with sBT levels.

There are several strengths of our study. First of all, our study

groups consisted of children with reactions of varying type and

severity along with control subjects without venom allergy. It has

provided the opportunity not only to precisely document sBT lev-

els in children with varying type and severity of clinical reactions

after hymenoptera stings, but also to increase the generalization

of our results to children with venom allergy.

Our study is one of the very few childhood studies that

investigate the association between sBT levels and the sever-

ity of clinical reactivity. Our results also provided unique

demographic and laboratory data particularly about children

with LLRs which can be defined as a relatively rare investi-

gated subgroup of patients with venom allergy. Its prospec-

tive and controlled design along with a fairly large number

of participants are other superiorities.

In conclusion, our results indicate that sBT levels are asso-

ciated with a higher risk of severe SR in children with insect

venom hypersensitivity. Determination of sBT levels in chil-

dren with venom allergy may help clinicians to detect and

inform the patients under risk of severe SRs and optimal and

timely use of therapeutic interventions in children.
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