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Local production of broadly cross-reactive IgE against multiple 
fungal cell wall polysaccharides in patients with allergic fungal 
rhinosinusitis

To the Editor,
Allergic fungal rhinosinusitis (AFRS) is a subset of chronic rhinosi-
nusitis characterized by fungal allergy.1 Serum IgE of AFRS patients 
often exhibits broad reactivity to multiple fungi, including Alternaria 
alternata and Aspergillus fumigatus2. However, the nature of such 

anti-fungal broad reactivity remains unclear due to a lack of stud-
ies on patient-derived IgE antibodies (Abs) at the clonal level. It is 
also unknown how nasal allergic responses contribute to serum IgE 
Abs of AFRS patients. To address these questions, we generated 
monoclonal Abs (mAbs) from IgE-secreting plasmablasts (PBs) in the 
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F I G U R E  1 Anti-­fungal IgE monoclonal antibodies (mAbs) from nasal polyps of AFRS patients are cross-­reactive to different fungal genera. 
(A) Gating strategy for mAb cloning of IgE expressed in nasal polyp-residing plasmablasts (PBs). (B) Clonotype size of IgE. N = 2; AF14, 
n = 33; AF43, n = 44. (C) VH amino acid sequences of the representative IgE clonotypes isolated from a donor, AF43. (D) Proportion of 
anti-fungal clones in mAbs isolated from nasal polyps-residing PBs of the indicated donors. N = 2; AF13, n = 19; AF43, n = 44. (E) The anti-
fungal reactivity is SHM-dependent. Binding activities of mAbs 14E10 and 43B8 (SM+) and their germline revertants (SM-) to whole fungal 
lysates from Alternaria alternaria, Aspergillus fumigatus, and Candida albicans in ELISA are shown. Representative results from more than two 
independent experiments are shown
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F I G U R E  2 Anti-­fungal cross-­reactive IgE targets cell wall polysaccharides. (A and B) Reactivities of anti-­fungal mAbs derived from nasal 
tissue-residing IgE+ plasmablasts with ELISA. Ca PRA1, C. albicans-derived PRA1; CWPS, cell wall polysaccharide; Ca mannan, C. albicans-
derived mannan; Sc mannan and β-glucan, Saccharomyces cerevisiae-derived mannan and β-glucan. (C) Histogram of C. albicans stained 
with anti-fungal mAbs (10 μg/mL) detected by flow cytometry. Grey histogram indicates cells stained with a negative control mAb. 23B12 
was an anti-Candida mAb and used for positive control of the assay. (D) Titers of serum IgE Abs against major fungal allergens and CWPS. 
AFRS, N = 18; eCRSwNP, N = 20; HD (healthy donors), N = 22. (E) Competitive flow cytometry assay. C albicans was pre-incubated with 
1:30-diluted sera from AFRS (N = 11) and healthy donors (HD, N = 17) and then incubated with 3 μg/ml of biotinylated mAb 14F7. Bound 
biotinylated 14F7 was detected by Alexa Fluro 647-conjugated streptavidin. Unlabeled 14F7 at indicated concentrations was used for 
positive control. The ΔMFI of biotinylated 14F7 without competitor serum was set to 100%. (F) Competitive ELISA using A alternata lysate. 
Diluted sera (1:30) from AFRS (N = 11) and healthy donors (HD, N = 17) were pre-incubated in ELISA plates coated with A alternata lysate. 
After 30 min-­incubation, biotinylated mAb 43B8 was added. Bound biotinylated 43B8 was detected by HRP-­conjugated streptavidin. 
Unlabeled 43B8 at indicated concentrations was used for positive control. The background subtracted OD450 value of biotinylated 43B8 
without competitor serum was set to 100%. (A–F) Representative results from three independent experiments are shown
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nasal polyps of patients with AFRS and characterized their antigen 
reactivity.

In our cohort, AFRS patients had higher serum antifungal IgE and 
IgG titers than patients with eosinophilic chronic rhinosinusitis with 
nasal polyps (eCRSwNP) and healthy individuals (Figure S1A,B and 
Table S1). More than 55% of AFRS patients had serum IgE reactivity 
to at least two different fungal genera (Figure S1C), indicating that 
these patients were sensitized to multiple fungal genera.

As previously reported for eCRSwNP,3 IgE-expressing cells were 
observed in germinal center (GC) B-like cells and PBs of the muco-
sal tissues from patients with AFRS (Figure  S2A–D and Table  S4). 
We cloned IgE and Igκ or Igλ variable regions from mRNA of single 
nasal polyp-residing PBs isolated from two AFRS patients, AF14 and 
AF43 (Figure 1A and Table S5). Among the IgE sequences obtained, 
20% and 50% were clonally related in AF14 and AF43, respectively 
(Figure 1B and Table S6). Clonally related anti-fungal immunoglob-
ulins had shared somatic mutations as exemplified by sequences 
shown in Figure  1C. After subcloning of these variable region se-
quences into a human IgG1 expression vector, we obtained 19 re-
combinant mAbs derived from AF14, and 44 mAbs derived from 
AF43. About 11% of clones in AF14 and 59% of clones in AF43 re-
acted to at least one fungus (Figure 1D). More importantly, the vast 
majority of these anti-fungal clones were reactive to multiple genera 
of fungi (Figure 1D and Table S6). Such multi-fungal reactivities were 
highly dependent on somatic mutations (Figure 1E).

Then, representative mAbs selected from distinct clonal lineages 
were tested for their reactivity to fungal components. Most of the 
tested mAbs (5 of 6) turned out to be reactive to cell wall polysaccha-
rides (CWPS) derived from different fungal genera including Candida 
albicans-derived mannan and Saccharomyces cerevisiae-derived β-
glucan (Figure 2A,B). Indeed, they could bind to the surface of C. al-
bicans as well (Figure 2C). On the other hand, these clones did not 
show significant binding to major fungal allergens such as Alt a1, Asp 
f1 and Ca PRA1. 14F7, a strong CWPS binder, also reacted weakly 
to Alt a1 and Asp f1 (Figure 2A). Although the exact mechanism by 
which this clone binds to protein components remains unclear, such 
weak binding may be due to polyreactivity that has been observed 
in a subset of mAbs against certain viruses.4 Interestingly, AFRS 
patients did not show higher serum IgE titers against fungal CWPS 
compared to eCRSwNP patients and healthy individuals, although 
their serum IgE displayed significantly higher reactivity to major fun-
gal allergens, Alt a1, Asp f2 and Ca PRA1 (Figure 2D). We performed 
competitive binding assay using patients' sera as competitors for 
binding of mAbs to fungi. Sera from AFRS patients did not show any 
inhibitory effects on binding of biotinylated 14F7 to C. albicans in 
flow cytometry (Figure 2E). Furthermore, the binding activity of bi-
otinylated 43B8 to A. alternata lysate was not substantially inhibited 
by sera from AFRS patients in ELISA (Figure 2F). These results indi-
cate that serum anti-fungal Abs target different antigenic determi-
nants from nasal polyp-derived IgE Abs in AFRS patients.

Fungal antigens targeted by cross-reactive IgE Abs are often 
intracellular housekeeping proteins presumably derived from dead 

fungal cells and are not harmful to hosts.5 In this study, we charac-
terized AFRS-associated IgE Abs at the clonal level and revealed that 
nasal mucosa-derived anti-fungal IgE mAbs target surface CWPS in 
AFRS patients like protective IgG Abs induced during fungal infec-
tion.6,7 Unexpectedly, the IgE Abs generated in the nasal mucosa do 
not appear to contribute to the reactivity of serum IgE in AFRS pa-
tients. Thus, anti-fungal IgE Abs in the nasal mucosa and sera appear 
to be generated from distinct responses in AFRS.

Previously, we have reported that local IgE in the nasal polyps 
of patients with eCRSwNP targets surface determinants of nasal 
resident bacteria.3 In addition, extensive class switching from IgG 
and IgA1 to IgE has been observed in the nasal mucosa, suggesting 
that protective Ab responses to bacterial infection might be con-
verted into allergic reactions in eCRSwNP.3 Together with the cur-
rent study, the local IgE Ab response in allergic nasal mucosa might 
be initiated by a protective Ab response against local bacterial and 
fungal infections unlike other allergic diseases where IgE Abs are 
generated against non-harmful environmental substances.
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Fast challenge tests with gadolinium-based contrast agents to 
search for an alternative contrast media in allergic patients

To the Editor,
Gadolinium-based contrast agents (GBCA) are used in contrast-
enhanced magnetic resonance imaging. Hypersensitivity reactions 
(HSR) to GBCA are scarce, with an incidence of 0.07% and a recur-
rence rate of 30%, being urticaria the most common presentation 
(91%), with a 0.52/10000 rate of severe reactions reported.1

Recommendation of an alternative GBCA without a confirmed 
tolerance is hazardous, due to a high cross-reactivity between 
them.2 Moreover, premedication is not enough,1 showing a rate of 
breakthrough reactions overall of 39%.3

There is a growing tendency to perform allergy studies to 
achieve a safe recommendation in case of a HSR to GBCA. Negative 
predictive value of skin tests to GBCA has been estimated in 84%.1 
Thus, more than 10% of patients could react using an alternative 
negative skin-tested GBCA, and good tolerance to GBCA should be 
confirmed through a single-blind placebo-controlled drug challenge 
test (DCT).4. Furthermore, given that nephrogenic systemic fibrosis 
is more frequent in case of end stage renal failure, kidney function 
should be checked before performing a challenge test with GBCA. 
They are usually performed at graded administrations, and with 
observation periods between doses.1,5 But since GBCA is usually 
given in bolus, results at slow rates cannot be extrapolated to fur-
ther administrations. Avoiding this limitation, we have developed a 
protocol for a prospective study searching the tolerance of an alter-
native GBCA, with a fast DCT approaching the rates used in clinical 

practice. The same protocol was applied for both immediate and 
delayed HSR.

After obtaining signed informed consent from the patients, skin 
prick tests (SPT) with undiluted macrocyclic GBCA commercial solu-
tions were done. When SPT results at 20 min were negative, intra-
dermal tests (IDT) with 1:10 dilutions were performed (with readings 
at 20 min, and additionally at 24 h in case of a delayed reaction).

A fast DCT with negative skin-tested GBCA was performed later, 
according to our methodology to study HSR to iodinated contrast 
media,6 and using a volumetric pump Alaris© GW (BD©). Doses were 
0.1 mg/kg for Gb and 0.2 mg/kg for Ga. One-third of total dose of Ga 
was administered at a rate of 120 cc/h and, immediately after, the re-
maining 2/3 at 80 cc/h. In case of Gb, infusion rates were half those 
of Ga, i.e., 1/3 at 60 cc/h and 2/3 at 40 cc/h. Total infusional time was 
8 min. All patients had a normal renal function before the challenge 
test. Well-tolerated GBCA was recommended for subsequent exam-
inations, and its tolerance was recorded if it was used later.

Recruitment period was between May 2018 and December 
2021. Characteristics and study results of enrolled sixteen patients 
are summarized in Table 1. They were 12 women and 4 men, median 
age of 45.5 years (range 28–­73). Adverse reactions to GBCA were 
immediate in 13 patients (12 urticaria and 1 anaphylaxis), and de-
layed exanthema in the remaining 3. Gb was involved in 11 reactions, 
and unknown GBCA in the other 5. Most of the patients (14/16) had 
been previously exposed to GBCA.
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