
A highly sensitive bioluminescent method for measuring 
allergen-specific IgE in microliter samples

Sophie Goyard1, Bianca Balbino2,3, Rebecca S. Chinthrajah4,5, Shu-Chen Lyu4,5, Yves L. 
Janin6, Pierre Bruhns2, Pascal Poncet7,8, Stephen J. Galli4,9,10, Kari C. Nadeau4,5, Laurent 
L. Reber2,11,*, Thierry Rose1,*

1Unit of Lymphocyte Cell Biology, Institut Pasteur, U1221 INSERM, Paris, France.

2Unit of Antibodies in Therapy and Pathology, Institut Pasteur, UMR1222 INSERM, Paris, France.

3Sorbonne Université, Paris, France.

4Sean N. Parker Center for Allergy and Asthma Research, Stanford University, Stanford, 
California, USA.

5Division of Pulmonary and Critical Care, Department of Medicine, Stanford University, California, 
USA.

6Unit of Chemistry and Biocatalysis, Institut Pasteur, UMR 3523 CNRS, Paris, France.

7Biochemistry Department, Armand Trousseau Children Hospital, AP-HP, Allergy & Environment 
Research Team, Paris, France.

8Immunology Department, Institut Pasteur, Paris, France.

9Department of Pathology, Stanford University School of Medicine, Stanford, California, USA.

10Department of Microbiology and Immunology, Stanford University School of Medicine, Stanford, 
California, USA.

11Center for Physiophathology of Toulouse-Purpan (CPTP), UMR 1043, University of Toulouse, 
INSERM, CNRS, Toulouse, France.

Keywords

IgE; allergy diagnosis; ImmunoCAP; ELISA; bioluminescence; luciferase; nanobody

Corresponding authors Laurent L. Reber, PhD, Center for Physiopathology of Toulouse-Purpan (CPTP), CHU Purpan – BP 3028, 
31024 Toulouse Cedex 3, France, Tel: +33 562 74 45 29, laurent.reber@inserm.fr; Thierry Rose, PhD, Institut Pasteur, 25 rue du Dr 
Roux, 75724 Paris cedex, France, Tel: +33 145 68 85 99, rose@pasteur.fr.
Authorship Contributions
Plasmid and reporter protein design and production, S.G; Experimental design, S.G, L.L.R and T.R; Conducting experiments, S.G 
and T.R; Sample preparation, B.B, L.L.R, P.P; Acquiring data S.G, B.B, L.L.R, P.P and T.R; Providing reagents and clinical samples: 
R.S.C, S.L, Y.J, P.B, S.J.G and K.C.N. Statistical analysis: S.G, L.L.R and T.R. Formal analysis, S.G, L.L.R and T.R; Writing (original 
draft), S.G, L.L.R and T.R; Writing (review and editing), all authors.
*These authors contributed equally to this work.

Conflicts of interest
The authors declare no competing interests.

HHS Public Access
Author manuscript
Allergy. Author manuscript; available in PMC 2021 November 23.

Published in final edited form as:
Allergy. 2020 November ; 75(11): 2952–2956. doi:10.1111/all.14365.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



To the Editor,

Measurement of allergen-specific IgE (sIgE), along with the patient’s clinical history and 

results of allergen provocation tests, are fundamental in diagnosing allergic disease1. The 

ImmunoCAP assay is used as a standard to quantify sIgE levels2. Although this method is 

sensitive (range, 0.1-100 kUA/L), it requires relatively large amount of plasma (which can be 

problematic when testing young children), and is also limited by its cost and the need for a 

specific instrument to analyze the test’s results. Therefore, further developments are needed 

to improve the sensitivity of sIgE detection methods, while markedly reducing the volume 

of sample required and the cost, without sacrificing assay robustness, reproducibility and 

accuracy.

Here, we report development of a highly sensitive method for quantifying sIgE levels using 

a luciferase-linked immunosorbent assay (LuLISA). The IgE LuLISA allows bioluminescent 

detection of sIgE using an anti-IgE nanobody (single variable heavy immunoglobulin 

domain [sdAb] or VHH) which recognizes the constant Cε3 region of human IgE3, and 

is expressed in tandem with the catalytic domain of the enzyme luciferase (nanoKAZ)4 

(Figure 1A and Figure S1). The anti-IgE nanobody we used for this assay (sdAb026) has 

an affinity for IgE similar to that of the therapeutic anti-IgE antibody omalizumab (KD 1.4 

nM vs. 2.6 nM, respectively3,5), and was reported to inhibit interactions between IgE and the 

two receptors FcεRI and CD233.

To establish a proof-of-concept for the specific detection of sIgE using this method, we 

prepared dilution series in PBS of recombinant IgE, IgG1 (the major IgG subclass) or IgG4 

(the main IgG subclass overproduced during allergen-specific immunotherapy) directed 

against the house dust mite allergen Der p 2 (Figure 1B). The 3 groups of samples were 

analyzed using IgE LuLISA. As expected, a concentration-dependent signal arose only for 

the sample containing anti-Der p 2 sIgE, with a detection limit of ~5x10−13 M sIgE (~1 

pg/mL; ~0.0004 kUA/L) (Figure 1B). We also obtained high sensitivity with recombinant 

anti-ovalbumin (OVA) IgE, which was detectable by LuLISA at concentrations as low as 

5 pg/mL (~0.002 kUA/L) (Figures S2 and S3). The sensitivity of LuLISA was also much 

higher than that of standard ELISA for the detection of sIgE with an extended dynamic 

range over 4 orders of magnitude instead of 2 (Figure S3).

Next, we compared the dynamic range and sensitivity of IgE LuLISA versus standard 

ImmunoCAP, using recombinant OVA sIgE diluted in plasma pooled from 30 healthy donors 

(Figure 1C). This head-to-head comparison revealed a markedly increased (≈250-fold) 

analytical sensitivity of LuLISA compared with ImmunoCAP (Figure 1C). We performed 

similar experiments with dilution series of a plasma sample from a highly peanut allergic 

subject, which was again diluted in a pool of plasma from 30 healthy donors (Figure 

1D). ImmunoCAP allowed detection of peanut sIgE in plasma diluted up to 4,050 times, 

while peanut sIgE was still detected by LuLISA in allergic plasma diluted 100,000 to 

300,000 times (Figure 1D). Dilution series of the anti-IgE nanobody-luciferase tandem gave 

a concentration-dependent signal at a fixed (1:50) dilution of this peanut allergic plasma 

sample, and confirmed the very low bioluminescent background signal of the IgE LuLISA 

(Figure S4).
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Altogether, these results indicate that the IgE LuLISA has a very high sensitivity and 

specificity, and could thus potentially be used to quantify IgE in samples from patients 

with very low sIgE. However, the cut-off level commonly used in clinical practice to define 

IgE positivity is 0.35 kUA/L, which can be measured by ImmunoCAP and is much higher 

than the sensitivity of the IgE LuLISA. Thus, the main advantage of the IgE LuLISA over 

ImmunoCAP is that it requires extremely low volume of sample. In the case of the sample 

from the peanut-allergic patient used in Figure 1D, peanut sIgE could still be detected using 

less than 1 nanoliter of the initial patient’s sample. Thus, very large screens of sIgE against 

arrays of potential allergens can be envisioned using IgE LuLISA, even when patient’s 

sample sizes are limited, automatable in 96 and 384-well plates.

We then sought to further validate this approach by measuring sIgE against total peanut 

extract, or against the major peanut allergens Ara h 1 and Ara h 2 using 1 μL of plasma from 

31 healthy donors (obtained from the French blood bank EFS with unknown allergic status) 

and 82-105 peanut-allergic subjects (collected upon their enrollment into the institutional 

review board–approved peanut oral immunotherapy study: safety, efficacy and discovery 

trial; ClinicalTrials.gov identifier: NCT02103270)6. Dilution series from reference samples 

with titrated high peanut sIgE were used for assay calibration, to ensure that all plasma 

samples were analyzed within the linear range of detection of our method (Figure S5). As 

expected, significantly higher levels of peanut sIgE, Ara h 1 sIgE and Ara h 2 sIgE were 

detected in plasma samples from peanut allergic subjects as compared to healthy donors 

(Figure 2A,C,E). Head-to-head comparison between LuLISA and ImmunoCAP in allergic 

patients showed a high correlation between both methods (R2=0.89, 0.84 and 0.83 for peanut 

sIgE, Ara h 1 sIgE and Ara h 2 sIgE, respectively) (Figure 2B,D,F). These correlations were 

calculated using all plasma samples for which sIgE levels were above the detection cut-off 

of ImmunoCAP (0.1 kUA/L). This was the case for all samples for peanut sIgE. However, 

17 out of 82 samples (19.7%) for Ara h 1 sIgE and 3 out of 96 samples (3.1%) for Ara 

h 2 sIgE were below the detection limit of ImmunoCAP (Figure 2B,D,F). However, all 

these subjects had clear clinical reactivity to peanut, as assessed by performing double-blind, 

placebo-controlled food challenge (DBPCFC) and skin prick tests (Table S1). Altogether, 

these results demonstrate that the IgE LuLISA is highly sensitive and accurate for the 

clinical detection of sIgE, and requires very low volumes of plasma.

Besides ImmunoCAP, several other methods have been reported for the detection of sIgE, 

including IMMULITE and, more recently, isotype-specific agglutination-PCR (ISAP)7,8. 

IMMULITE appears to be the closest method to LuLISA as it uses a chemiluminescent 

approach to detect sIgE. However, the reported detection limit for sIgE with IMMULITE 

is the same as for ImmunoCAP (0.1 kUA/L)7 Similarly to LuLISA, detection of sIgE by 

ISAP can be performed using 1 μl of clinical sample. Moreover, the two tests are based on 

different approaches as ISAP requires chemically-synthesized allergen-DNA (for each type 

of allergen) and secondary anti-IgE antibody-DNA conjugate for the detection of sIgE by 

quantitative PCR.

In summary, the IgE LuLISA is a new method for the detection of sIgE of ultra-high 

sensitivity requiring only very small (1 μL or less) plasma sample volumes. The use of 

bioluminescence offers markedly increased sensitivity and extended dynamic range over 
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classical colorimetric (ELISA) or fluorescent (ImmunoCAP) IgE detection methods. The 

method is fully automatable and uses commercialized plates and a standard luminometer for 

the bioluminescent detection of IgE. Thus, IgE LuLISA should be very cost-effective over 

conventional ImmunoCAP. Further tests will be performed to extend the potential use of IgE 

LuLISA for multiplexed detection of sIgE against arrays of allergens.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Sensitive and specific detection of allergen-specific IgE by LuLISA.
(A) Cartoon representation showing the anti-IgE nanobody-luciferase tandem (sdAb026

nanoKAZ) bound to the Fc portion of IgE (pink: nanoKAZ luciferase domain [PDB ID: 

5B0U]3; blue: anti-IgE nanobody sdAb026; green: IgE Fc portion Cε3-4 domains [PDB 

ID: 5NQW])9. (B) Recombinant human anti-Der p 2 IgE, IgG1 and IgG4 were diluted in 

PBS at the indicated concentrations and incubated with plate-bound recombinant Der p 2. 

Bioluminescent detection of antibody levels was performed by LuLISA using the anti-IgE 

sdAb026-nanoKAZ. (C and D) Recombinant anti-OVA IgE (C) or plasma from a peanut 

allergic subject (D) were diluted in a pool of plasma from 30 healthy donors. Levels of OVA 

sIgE (C) or peanut sIgE (D) were assessed in aliquots from the same dilution sample using 

LuLISA or ImmunoCAP. All LuLISA data are from one experiment representative of three 

independent experiments. RLU: relative light unit.
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Figure 2. Detection of sIgE levels by LuLISA in 1 μL plasma samples from healthy donors and 
peanut allergic subjects.
(A, C, E) Levels of peanut sIgE (A), Ara h 1 sIgE (C) or Ara h 2 sIgE (E) by LuLISA in 

1 μL plasma samples from 31 healthy donors and 82-105 peanut allergic subjects. Data in 

A, C and E are shown as box and whisker plots (10th and 90th percentiles), and each circle 

represents an individual patient. P values were calculated by nonparametric Mann-Whitney 

test (2-tailed). (B, D, F) Correlation between peanut sIgE (B), Ara h 1 sIgE (D) or Ara h 

2 sIgE (F) by LuLISA vs. ImmunoCAP. Black dashed line indicates ImmunoCAP cut-off 

level (0.1 kUA/L); Red dashed line indicates cut-off level commonly used in clinical practice 

(0.35 kUA /L). RLU: relative light unit. *Pearson’s R2 correlation coefficients and P values 

(two-tailed) were calculated using all samples above the ImmunoCAP cut-off level (0.1 

kUA/L).
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