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To the Editor,

B-Lactam (BL) antibiotics are widely prescribed but frequently
cause hypersensitivity reactions (DHRs) [1], particularly IgE-
mediated allergies, ranging from mild skin reactions to life-
threatening anaphylaxis. Traditional diagnostic methods, such
as skin and drug provocation tests, are invasive and risky.
In vitro tests like immunoassays for detecting serum-specific
IgE (sIgE) offer a safer alternative but show low sensitivity and
moderate specificity [2, 3], often leading to false diagnoses [4, 5].

The limited sensitivity of these tests may be due to: (i) the small
size of drug molecules, which require covalent binding to a car-
rier protein to elicit an immune response [4], (ii) incomplete
interaction with the immunological system inducing low sIgE
levels, and (iii) high IgG concentrations that block IgE binding
to the solid phase [6] even though some studies have reported
that they do not affect certain techniques, such as InmunoCAP
[7]. Therefore, we hypothesized that IgG removal from serum
could enhance sIgE detection by increasing its binding capacity
to hapten-carrier conjugates in immunoassays.

Mesoporous silica nanoparticles (MSNs) are a promising plat-
form for biomolecule capture due to their large surface area, tun-
able pore sizes, and ease of chemical modification. Previously,
we demonstrated that IgG removal by using protein G’-grafted
MSNs (MSN-pG’) improved sIgE detection for various allergens/
haptens [8]. In patients with confirmed amoxicillin (AX) aller-
gies, InmunoCAP sensitivity increased from 12.5% to 37.5%.

This study evaluated MSN-pG’ pre-treatment of sera in a larger
cohort of BL-allergic patients and controls using ImmunoCAP
and radioallergosorbent test (RAST). MSN synthesis and char-
acterization confirmed successful protein G’ grafting, with op-
timal 12nm pore size, particle diameter of 149.3+48.4nm, Zeta
potential of —26.3 +8.7mV, and specific infrared bands confirm-
ing protein presence (Figure S1). Serum samples (300 uL) were
treated with 6 mg of MSN-pG’ for 1h at room temperature, fol-
lowed by centrifugation for nanoparticle removal.

We analyzed sera from 24 BL-allergic patients (following
EAACI guidelines [4]) and 11 tolerant controls before and after
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FIGURE1 | (A) Effect of L-MSN-pG’ treatment before and after 1h incubation in sera from confirmed amoxicillin-allergic patients (n=24) in

amoxicillin-specific IgE concentration and percentage of RAST. (B) Representation of MSN-pG’ treatment effect in the percentage of sensitivity and

specificity of InmunoCAP and RAST.

MSN-pG’ treatment using ImmunoCAP and RAST (Table 1,
Figure 1A). AX-sIgE detection in ImmunoCAP followed man-
ufacturer protocols, with positive results defined as >0.35 kU/L
[9]. In RAST, AX was conjugated to poly-L-lysine and applied
to a cellulose disc (further details can be found in Supporting
Information), with positivity cutoffs determined by ROC curve
analysis (Figure S2).

ImmunoCAP results showed a significant increase in AX-sIgE
levels post-MSN-pG’ treatment in allergic patients (p=0.0085)
and controls (p=0.002) (Figure 1A). However, only allergic
patients had increased positive test rates, with sensitivity im-
proving from 16.67% to 33.34%, while controls remained neg-
ative (100% specificity for both groups, Figure 1B). For RAST,
MSN-pG’ significantly enhanced AX-sIgE detection only in

allergic patients (p=0.01) (Figure 1A), raising sensitivity from
37.5% to 54.16%, again with 100% specificity (Figure 1B).

Additionally, we measured total IgG and AX-sIgG captured by
MSN-pG’ from sera. While captured total IgG levels showed no
differences between groups, MSN-pG’ captured significantly
higher AX-sIgG levels from allergic patients than tolerant con-
trols (p=0.014) (Figure S3). However, no correlation was found
between captured IgG levels and serum sIgE detection improve-
ment, showing that while the mechanism of improving drug-
specific IgE detection does rely on IgG removal from the patient
serum, the amount of IgG removed might not directly correlate
with the enhancement of sIgE detection sensitivity. The time in-
terval between reaction and study showed no significant influ-
ence on serum sIgE detection improvement either.
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Overall, MSN-pG’ treatment significantly improved detection
of sIgE to AX, converting 16% of previously negative cases to
positive in both ImmunoCAP and RAST, and 30% when com-
bining both tests. Notably, 57% of these newly positive cases
had moderate or severe anaphylaxis reported in clinical his-
tory, underscoring the clinical relevance of this method. The
increased sensitivity likely results from efficient IgG removal,
which reduces competition for IgE binding sites, overcoming a
key limitation of traditional immunoassays. This competition
is especially relevant when IgE levels are low, such as in beta-
lactam allergies, as previously demonstrated [8].

This novel approach enhances diagnostic accuracy while main-
taining specificity, reducing the need for invasive in vivo tests.
Implementing MSN-pG’ treatment prior to in vitro immuno-
assays (such as ImmunoCAP and RAST) could revolutionize
allergy testing, confirming previous observations [8] but in a
bigger cohort and not just in ImmunoCAP, providing safer and
more reliable alternatives for patients with BL hypersensitivity.
Further research should explore its application in other drug al-
lergies and its integration into clinical practice.
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