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Insect venom allergy Background: Successful venom immunotherapy (VIT) in Hymenoptera allergy

Venom-specific 1IgG is usually associated with a strong increase in venom-specific serum IgG anti-

IgG RAST FEIA bodies (slgG)Methods: We evaluated a new commercial test for the assay of

Pharmacia CAP system slgG (Pharmacia CAP System™ IgG RASKFEIA; FEIA), in comparison with

Venom Immunotherapy a conventional ELISA technique. Sera from 40 bee- and 40 Vespula-allergic pa-
tients were analyzed by FEIA and ELISA before and 3 months after starting VIT.
Results: The correlation between slgG obtained with the two methods was sig-
nificant: r = 0.862, p<0.0001 for bee venom (BV), r = 0.861<9.0001 for
Vespula venom (VV). The geometric mean values obtained with FEIA were
higher for both venoms (BV p = 0.03; V\&p0.01). A highly significant increase
(p<0.0001) was observed during VIT with both methods. This increase was
concordant in 93% of VV- and 90% of BV-treated patients. Intra- and interassay
relative coefficients of variation were below 10% for FEGanclusion: 1gG
RAST FEIA is a reproducible and sensitive method for the assay of venom-spe-
cific slgG.

Introduction tial phase and remains elevated throughout treatment [8].

All these observations suggest a protective role for slgG in
Between 2 and 19% of the adult population in EuropgdV allergy. However, prospective studies, where serum was
and the USA have a history of large local reactions, and lixevestigated immediately before a sting challenge, showed
tween 0.8 and 5% a history of generalized allergic reactioms predictive value for sIgG or slgG4 levels in untreated pa-
to Hymenoptera stings [1-3]. In rare instances, these retents [9, 10], in patients on long-term VIT of more than
tions may be fatal [3]. Hymenoptera venom (HV) allergy i8 years duration, and in patients in whom VIT was stopped
associated with antibodies of the IgE isotype. [11-14]. Moreover, there is a wide variation of slgG, not
The role of venom-specific IgG antibodies (slgG) is legmly in patients on VIT, but also in untreated patients, bee-
clear. Aalberse et al. [4] observed high slgG levels (espeepers and even nonallergic controls [4, 7, 9, 10, 15].
cially 1IgG4) in highly exposed over long periods of times Routine commercial tests to assay venom-specific 1gG-
who tolerate bee stings often without even a local reacti@ntibodies have so far not been available. Pharmacia Up-
Others showed successful passive immunization of beejahn has recently introduced such a test based on the Im-
lergic patients by beekeepemlobulin [5-7]. During ven- muno CAF® technology, the Pharmacia CAP System™ IgG
om immunotherapy (VIT), slgG increases rapidly in the inRAST® FEIA (FEIA). To evaluate this test, we have com-
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Table 1. Results of slgG determination

by FEIA and ELISA before and during VIT BVVIT VVVIT

FEIA ELISA FEIA ELISA
slgG geometric mean values, mg/l
Total (n=80) 11.9 9.2 9.8 5.0
Before VIT (n=40) 10.3 9.7 12.3 5.7
After VIT (n=40) 219 19.7 20.7 13.3
Intraassay reproducibility
rel. CV, % (meart SD) (n=80) 7.517.7 3.930 5083 5644
Interassay reproducibility
rel. CV, % (meart SD) (n=80) 6.61.1 16.82.3 5.63.3 10.%1.0

pared its performance in 40 patients with BV or Vespulag again with NaCl-Tween, 1 ml of substrapenftro-phenyl-phos-
venom (VV) allergy before and during VIT to that of arpPhate 1 g/l in carbonate-bicarbonate buffer 0.05 mol/l pH 9.8, con-

; ; taining 163 mol/l MgCl,) is added and the tubes are incubated for an-
ELISA technique used in our laboratory for 15 years [8]. other 45 min at 25°C. The reaction is then stopped with 0.1 ml of

NaOH, 2 mol/l. slgG levels (mg/l) are calculated by comparison with
a dilution series of a beekeeper serum pool or a pool of sera from

Materials and Methods Vespula-allergic patients on VIT with known contents of slgG. The
amount of venom-specific IgG in both pools was kindly determined
Patients by R.G. Hamilton, PhD, Baltimore, Md., USA.

Sera from 40 patients with a history of recent type | systemic al-
lergic reactions to honey bee or Vespula stings and positive diagnos-Statistics
tic tests with BV or VV were analyzed by FEIA and ELISA before To analyze theorrelation between slgG measured by FEIA and
and 3 months after starting VIT. All sigG assays were done in dupiLISA, Spearman’s rank correlation coefficient was calculated.
cates. Intracutaneous skin test end point concentration, the lowegmparison of absolute sigG levels obtained by FEIA and ELISA
concentration resulting in a wheal of a least 5 mm in diameter witfgs done by the Wilcoxon signed rank test. The significance of an in-
erythema, was1® g/l or lower, and venom-specific IgE by Phadecrease of mean slgG after 3 months of VIT was also analyzed by the
zym® RAST (Pharmacia-Upjohn Diagnostics, Uppsala, Sweden) wi#lcoxon signed rank test.
>0.35 Phadebas RAST units in all patients before starting VIT. VIT Intraassay reproducibilityvas assessed by calculating the relative
was started with gradually increasing venom doses up to a mairgeefficient of variation (CV) from duplicates in 80 sera each, assayed
nance dose of 10y of either venom and then continued with injecby both FEIAand ELISAfor sigG to BV and VV. If the individual CV

tions of this dose every 4 weeks as described previously [8]. of one test serum exceeded 20%, the test was repeated in duplicate.
Interassay reproducibilityvas assessed by calculating CV of the
Pharmacia CAP System™ IgG RASHEIA same serum (mean of duplicates) on 5 different days. Three different

FEIA is based on Immuno CAP technology, well known for estiS€ra each with high, intermediate and low levels of slgG were studied
mation of specific IgE antibodies. For the detection of sigG, a moni-this way by FEIA and ELISA for both BV and VV slgG.
clonal, murine, enzyme-labelefl-galactosidase) anti-lgG-antibody
is used. After addition of a developing agent (4-methylumbelliferyl-
B-D-galactoside) fluorescence is measured in FluoroCount 96 and Results
slgG levels are calculated by comparison with a dilution series of
standard 1gG. The standards are calibrated against the WHO Interna- . .
tional Reference Preparation 67/86 for Human Serum Immunoglobu- Venom-Specific 1IgG Levels Before and During VIT
lins A, G and M. Results are given in milligrams/liter. Mean values of slgG against BV and VVV before and dur-

ing VIT as determined by FEIA and ELISA are given in
ELISA table 1. As shown in figure 1a, b, a wide variation of indi-

The ELISA technique used has been described in detail previous- .
ly [8]: polystyrene tubes pretreated with 0.2% glutaraldehyde at%dual sIgG levels to both venoms was observed with both

thereafter coated with the allergen are used as the allergosorbent Bgthods, especially befort_a_VIT. Ab3.0|Ute slgG levels mea-
ter thorough washing with NaCl-Tween, 1 ml of test serum dilution BUred by FEIA were significantly higher than by ELISA
added to each tube followed by incubation overnight. After anoth@BV: p = 0.03; VV: p<0.01). This was more obvious for
e asnes il NACHTween, 1 of ke <otn o4y and ow evels o IgG.

:1,000 i u incu . . : — . .
marker to detect IgG antibodies is a conjugate of staphylococcal pro-WIth both methods, a highly significant increase !n mean
tein A (Pharmacia Fine Chemicals, Uppsala, Sweden) and alkalf€JG levels was found after 3 months of VIT (BV: FEIA
phosphatase (Sigma Chemical Co., St. Louis, Mo., USA). After wagb<<0.0001, ELISA p<0.0001; VV: FEIA p<0.0001,
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—qn ]
AT | | 2 . &
L ) . 8-
: C BN Tk
- ‘ I i a & ,_,b'?*;"f #
= r E
- =
— | T : _,,ag' ) o
1 Hd
- i I c_E Gt
1 | = = - - 3
- g b I
S = TR o ;
. | . | g.____. - (o] 1.
. ' ] ; X 1 |- =
a1 - _:_ . - —_— ]
=l i5a Fc i I u 1 .
a Hrooern SIT Al w7 Hi e WIT Al w1™ a P R N L
! ]
L ' : .
L] U t::__-
. a1 e s
= ]
¥ i Qs
: 2 po S
= .. o _:ﬁ' PO
e . + - wa T 2 i3 b
P - A oo T
. T : o " -*:"%-'- Zon
i | — r_:.,_—"-'"f- R
11 - —|— ' I_I_' 1 T o
. . . . |
_ — n — . 5 . '
0 —— . . a1 u a q
F 3 rC = d :

b Bxlii ¥ b WIT O A twewlT Al u T b 67 o o &l PIER

Fig. 1. Specific IgG to BV 4) and VV b) before and after VIT Fig. 2. Correlation of slgG to BVd) and VV () obtained by
(n = 80). This box plot displays the 10th, 25th, 50th, 75th and 9(EIA and ELISA. A highly significant correlation is observed, but
percentile of the measured slgG serum levels before and after VITF&lA values, especially in the low range, are significantly higher than
FEIA and ELISA. A highly significant increase of slgG was observetthose obtained by ELISA.
with both methods (g 0.0001) by the Wilcoxon signed rank test.

ELISA p<0.0001) (fig. 1a, b). This increase was concor- Reproducibility

dant in 90% (36 of 40) of BV and 93% (37 of 40) of VV The mean values of the relative coefficients of variation
treated patients. With VV, all patients showed an increasg(€\V) with standard deviations are given in table 1.

ELISA but 3 showed a decrease in FEIA. With BV, all pa- Intraassay reproducibilitywas judged from the mean
tients showed an increase in FEIA but 4 did not show amglues of CVs obtained from 80 individual double estima-
change in ELISA. These 4 patients all had very high levdiens for each venom in both tests. Intraassay reproducibili-
of slgG, lying above the highest standard concentratibnwas comparable for FEIA and ELISA with mean CVs be-
(>40 mg/l) in ELISA, already before VIT. As shown in fig-tween 3.9 and 7.5%. As figures 3a, b show, very high
ures 2a, b, slgG values for both BV and VV obtained wiihdividual CVs of>50% were, however, exceptionally ob-
FEIA and ELISA were closely correlated. Coefficients oferved in FEIA with both venoms (in 4 of 160 double esti-
correlation were highly significant for BV (r = 0.862,mations = 2.5%).

p<<0.0001) and for VV (r = 0.861,90.0001).

48 Int Arch Allergy Immunol 1998;117:46-51 Meier/Muller
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Fig. 3. Intraassay reproducibility of B\aj and VV b) slgG with ELISA and FEIA. The box plot displays the 10th,
25th, 50th, 75th and 90th percentile of calculated relative CVs. The open circles show extreme values. The mean rela-
tive CV of less than 10% indicates a good reproducibility of both tests. Occasional very high individual relative CVs
are however observed for FEIA.

The interassay reproducibilitywas judged from the uses a monoclonal murine anti-lgG antibody, whereas
mean values of duplicates of sera tested on five differdfitISA uses protein A fronstaphylococcus aureugVhile
days. As table 1 shows, interassay reproducibility withe former binds well to all IgG subclasses, the latter binds
mean CVs of 5.6-6.6% was clearly better in FEIA than primarily to IgG1, 1IgG2 and 1gG4, much less to IgG3 [15].
ELISA with mean CVs of 10.5-16.8%. Intraassay reproducibility was very good for both FEIA

and ELISA. Very rarely, high individual intraassay CVs
were observed with the FEIA. Misinterpretations due to this

Discussion can be avoided by the routine use of double assays. Interas-

say reproducibility was excellent for FEIA and acceptable

On the whole, the venom-specific 1gG levels found bipr ELISA.

FEIA were in good agreement with those obtained with an The recommendations for the assay of slgG to HV are
ELISAtechnique, which has been used in our laboratory fstill controversial [11-13, 17, 18]. On the one hand, there
many years: individual slgG values correlated closely are strong arguments in favor of a protective role of slgG
both BV- and VV-allergic patients before as well durinpased on studies in beekeepers [4, 16, 19] and on trials us-
VIT. Moreover, with both methods, a highly significant anthg passive immunotherapy with beekeepeglobulins
concordant increase of sigG was observed during VIT. [5-7]. Also, slgG increase rapidly in the first months of VIT

The slgG levels found with the FEIA were however usand usually remain elevated during prolonged treatment,
ally somewhat higher than with ELISA, especially so witmore or less parallel to the protection induced by VIT.
low slgG levels and more pronounced with VV. The diffetGolden et al. [11, 18] and Lawrence et al. [12] found a good
ent methods of insolubilizing allergens — covalent coupliraprrelation between an slgG level »f3 mg/l and protec-
vs. adsorption to the allergosorbent — and different stdion in the first years of VIT in mostly VV-sensitive pa-
dardization systems used may well explain these findingients, with significantly higher mean slgG in fully protect-
On rare occasions, discordant slgG results were obsereedpatients than in partial treatment failures. However, 2%
with the two methods. This is not surprising as FEIA amaf patients with high slgGX3 mg/l) still reacted on reex-
ELISA use different assays for the detection of slgG: FEIposure, while 78% of those with a low level§ mg/l) were

Venom-Specific 1I9G Int Arch Allergy Immunol 1998;117:46-51 49



fully protected. We could not confirm these findings in BVerease of slgG, after verification of the correct species and
sensitive patients who were mostly reexposed during lordpse of venom applied, is taken as an indication to increase
term VIT [13]. It is quite obvious that slgG are of no prediche maintenance dose to 20§ Others [17] contest the val-
tive value in untreated patients [9, 10], in the first 2 weeks wé of this test for monitoring of VIT. Determination of spe-
VIT [20], in patients on protracted VIT [13, 21] and in pagific IgG to major allergens to which the patient has IgG an-
tients who stopped VIT [14, 21]. Moreover, there is a widébodies and is thus sensitized might correlate better with
variation of slgG within groups such as untreated patientse outcome of VIT as judged by a sting challenge or a field
patients during VIT, beekeepers or even nonallergic indivigting. Unfortunately, major individual allergens are not
uals [4, 7, 9, 10, 15], which makes determination of sensemmercially available in highly purified or recombinant
tivity and specificity of slgG difficult. On the contrary, aform. Venom slgG may occasionally be helpful, both in and
strong increase of slgG is almost invariably observed duringtside VIT, for the identification of an insect that was re-
the first months of VIT and is thus a sensitive indicator of aponsible for a sting, because slgG usually increases rapid-
immunologically effective treatment. In clinical practice, & following such an event, irrespective of whether it caused
more than twofold increase of slgG will usually be consi@mn allergic reaction or not.
ered as significant. In occasional patients with very high In conclusion, we found the Pharmacia CAP System™
pretreatment levels{15 mg/l), a lower or even absent inigG RAST® FEIA to be a well-reproducible and sensitive
crease may be compatible with effective immunotheramommercial test for the determination of venom-specific
On the other hand, in patients with very low3 mg/l) or IgG-antibodies. To judge its reliability as a predictor of clin-
unmeasurable pretreatment slgG, a more than twofold ical protection, more extensive studies in both BV- and VV-
crease in the order of 510 mg/I will be strived for. sensitive patients in direct relation to protection, as indicat-
More recent studies suggest that besides slgG other md-by the result of a sting challenge during VIT, are needed.
tective mechanisms are induced by VIT. In the very early
phase, desensitization of basophils may be involved [22],
while during protracted VIT, a change in the cellular im- Acknowledgements
mune response [23, 24] seems more important.
Based on available data, some authors [3, 18, 21] recom-We thank Mrs Margrit Weber and Katrin Freiburghaus for skilled
mend sIgG determination during early VIT. A lack of in{echnical assistance.
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