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Abstract
Background: Carbohydrate determinants present on glycoproteins on plants and invertebrate animals are immunologically similar and highly cross-reactive. Specific IgE antibodies to cross-reactive carbohydrate determinants (CCDs) can interfere with IgE-specific assays to occupational allergens. 

Objective: The aim of this study was to determine the prevalence and diagnostic relevance of CCD specific IgE antibodies in bakers attending our occupational lung disease clinic, particularly in those co-sensitised to grass pollen. 

Methods: Serum samples were obtained from bakers (n=209) who were attending the occupational asthma clinic at the Royal Brompton and Harefield NHS Trust, London. As part of the clinical diagnosis, they underwent skin prick test for grass pollen, house dust mite and cat and specific IgE to CCDs, wheat flour and α-amylase (ImmunoCAP). Cross reactivity between CCD, wheat flour and grass pollen was determined using competitive inhibition radioallergosorbent assay.

Results: The prevalence of sensitisation to CCD was low in the bakers (7%) and all were co-sensitised to wheat flour and grass pollen. CCDs are likely to play a role in cross-reactivity between wheat flour and grass pollen in the minority of those bakers who have CCD specific IgE. 

Conclusion: Only a minority of bakers had detectable CCD specific IgE. The overall risk of CCDs interfering in wheat flour specific IgE assays is considered to be very low.
Introduction
One of the most common epitopes for IgE antibodies are carbohydrate determinants, which are present on glycoproteins found in both plants and some invertebrate animals (1,2)  . These carbohydrate determinants are immunological similar and are highly cross-reactive and can interfere with IgE-specific assays, such as wood dust (3), which may result in a misdiagnosis of occupational allergy.  The prevalence of IgE-specific cross-reactive carbohydrate determinant (CCD) antibodies in occupational respiratory allergy is not well described; however it has been reported to be 6% in Spanish adults attending a respiratory allergy clinic (8), 10% in Polish workers with suspected occupational respiratory allergy (4) and 25% in German bakers (5). 

In the study of  German bakers, the majority of bakers had co-sensitisation to both wheat flour and grass pollen, which raises the possibility that CCDs may be responsible for the cross-reactivity between grass and wheat flour(5) , although previous studies have suggested that there is little cross-reactivity between grass pollen and wheat flour (6). In the Spanish bakers, CCDs have been reported to be at least partly responsible for the cross-reactivity observed between wheat flour and kiwifruit (7). 

The aim of our study was to determine the prevalence of specific IgE to CCD in UK bakers and determine whether CCDs interfere with the accuracy of wheat flour specific IgE assays, particularly in those bakers co-sensitised to grass pollen.

Methods
Patients and sera
Serum samples were obtained from bakers (n=209) who were attending the occupational lung disease clinic at the Royal Brompton and Harefield NHS Trust, London for a diagnosis of occupational asthma. As part of the clinical diagnosis, they underwent skin prick test for grass pollen, house dust mite and cat (Allergopharma, Reinbek, Germany) (≥3mm greater than control saline wheal considered positive) and specific IgE to wheat flour and α-amylase tested by ImmunoCAP (Thermo Fisher Scientific, Sweden) (>0.35 kU/l considered positive).

Specific IgE to CCD
We analysed specific IgE to CCD (MUXF3, o214) for all sera (n=209) and further tested for specific IgE to grass pollen (g6) in any sera with positive specific IgE to MUXF3 (n=14) using ImmunoCAP assay (Thermo Fisher Scientific, Sweden). Specific IgE measurements of >0.35kU/L were considered positive. 

Competitive Inhibition assays
We examined whether wheat flour and/or grass pollen are likely to have any cross-reactive carbohydrate determinants using competitive inhibition assays in serum from CCD-sensitised patients (n=14). In brief, 50µl of serum was incubated with 50µl of 1mg/ml inhibitor (wheat flour/grass pollen) overnight at room temperature on a mixer prior to measuring specific IgE to CCD, wheat flour or grass pollen on ImmunoCAP. The percentage inhibition was calculated as specific IgE binding to CCD in serum incubated overnight with PBS minus specific IgE binding to CCD in serum incubated overnight with either wheat flour or grass pollen , divided by specific IgE binding to CCD in serum incubated overnight with PBS and multiplied with one hundred.

Statistical analysis
Spearman’s rank correlation coefficient was used to determine the correlation between % inhibition of IgE binding to CCD by grass and by wheat flour and between increasing CCD specific IgE and percentage inhibition with wheat flour and grass pollen.  Statistical analysis was carried out using STATA version 13 (Stata Corp, College Station, Texas, USA).

Results 
Specific IgE to CCD was observed in only a minority of bakers (n=14/209, 7%). and they were all co-sensitised to both wheat flour and grass pollen (by ImmunoCAP), but not alpha amylase (Table 1). The prevalence of sensitisation to wheat flour and alpha amylase within our population of bakers was 60% and 48% respectively. 

Relationship between CCD, flour and grass pollen 
In the small proportion of bakers co-sensitised to CCD, wheat flour and grass pollen (n=14), we were able to demonstrate by competitive inhibition assays that both wheat flour and grass pollen could inhibit binding specific IgE to CCD (range of wheat flour inhibition 0-78% with median inhibition of 42%; range of grass pollen inhibition 0-87% with median inhibition of 51%) (Fig 1). There was a strong positive correlation between the inhibition of specific IgE binding to CCD by wheat flour and by grass pollen (r=0.73, p=0.005). There was no correlation observed between increasing CCD specific IgE and percentage inhibition with either wheat flour (r=-0.15, p=0.622) or grass pollen (r=0.37, p=0.213).

Conclusion
Our study demonstrated that only a minority of UK bakers (7%) were sensitised to CCD, and all were co-sensitised to wheat flour and grass pollen (but not α-amylase) when measured by ImmunoCAP. The majority of bakers who were sensitised to wheat and grass pollen (as measured by skin prick test) did not have CCD specific IgE, suggesting that CCDs are unlikely to interfere with accuracy of wheat specific IgE assays. 

A similar prevalence of CCD specific IgE (6%) was found in a large Spanish study of adults attending a respiratory allergy clinic with a higher prevalence in those sensitised to pollens rather than house dust mite (8). Our prevalence of CCD specific IgE was less than that reported by Sander et al., where a quarter of German bakers were reported to have CCD sensitisation and most were also co-sensitised to grass pollen (4).

The co-sensitisation to CCD, wheat flour and grass pollen in our study suggests that CCDs may play a role in the cross-reactivity between wheat flour and grass pollen. Our competitive inhibition studies confirmed that both wheat flour and grass pollen could similarly inhibit binding of specific IgE to CCD, suggesting that CCDs may be relevant for cross-reactivity between grass pollen and wheat flour. A weakness of this study is that we were unable to carry out competitive inhibition assays with a specific carbohydrate molecule. Direct inhibition between grass pollen and wheat flour suggest other epitopes, apart from CCDs, are also relevant for the observed cross-reactivity. 

In conclusion, only a minority of bakers had detectable CCD specific IgE and all were co-sensitised to wheat flour and grass pollen. Cross-reactive carbohydrate determinants are likely to play a role in cross-reactivity between wheat flour and grass pollen in the minority of bakers who have CCD specific IgE. Overall, the risk of CCDs interfering in wheat flour specific IgE assays is very low.









Table 1. Characteristics and outcomes of CCD sensitised and non-sensitised bakers 


	
	CCD sensitised bakers 
	CCD non-sensitised bakers

	Characteristics

	n
	14
	14

	Male
	100%
	100%

	Age (years): median (range)
	33.5 (20-61)
	34 (25-64)

	Duration of exposure (years): median (range)
	7 (1-25)
	9.5 (3-23)

	Smoker
	6 (43)
	5 (36)

	Atopic (by skin prick test): n (%)
	13 (93)
	14 (100)

	Outcomes

	Occupational asthma / occupational rhinitis: n (%)
	2 (14)
	4 (29)

	Occupational rhinitis: n (%)
	2 (14)
	4 (29)

	Work exacerbated asthma/ rhinitis: n (%)
	5 (36)
	1 (7)

	Non occupational asthma/ rhinitis: n (%)
	4 (29)
	1 (7)

	COPD: n (%)
	0
	1 (7)

	Diagnosis not reached: n (%)
	1 (7)
	3 (21)

	Immunology

	Sensitised to CCD: n (%)
	14 (100)
	0

	Sensitised to flour: n (%)
	14 (100)
	11(79)

	Sensitised to alpha amylase: n (%)
	6 (43)
	3 (21)

	Sensitised to grass pollen (SPT): n (%)
	11 (79)
	9 (64)

	Sensitised to grass pollen (ImmunoCAP): n (%)
	14 (100)
	ND
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Fig 1. Inhibition (%) of specific IgE binding to cross reactive determinant (MUXF3) by either wheat flour or grass pollen in individual CCD sensitised bakers (n=14) 
[image: C:\Users\mjhl\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\11HFNKTW\bakersgraph.png]
*No serum available for inhibition experiments in one of the 14 CCD sensitised bakers

References
1. Quirce S, Salcedo G. The role of cross-reactive carbohydrate determinants in the diagnosis of occupational allergy.  Clin Exp Allergy 2010;40:962-964
2. Quirce S. IgE antibodies in occupational asthma: are they causative or an associated phenomenon? Curr Opin Allergy Clin Immunol 2014;14:100-105.
3. Kespohl S, Schlünssen V, Jacobsen G et al. Impact of cross-reactive carbohydrate determinants (CCDs) on wood dust sensitization. Clin Exp Allergy 2010;40:1099-1106
4. Wiszniewska M, Zgorzelska-Kowalik J, Nowakowska-Swirta E, Palczynski C, Walusiak-Skorupa J. Cross-reactive carbohydrate determinants in diagnostics of occupational allergy - preliminary results. Allergy 2010;65(5):664-666.
5. Sander I, Rozynek P, Rihs HP, van Kampen V, Chew FT, Lee WS, et al. Multiple wheat flour allergens and cross-reactive carbohydrate determinants bind IgE in baker's asthma. Allergy 2011;66(9):1208-1215.
6. Sander I, Raulf-Heimsoth M, Duser M, Flagge A, Czuppon AB, Baur X. Differentiation between cosensitization and cross-reactivity in wheat flour and grass pollen-sensitized subjects. Int Arch Allergy Immunol 1997 April;112(4):378-85.
7.  Palacin A, Quirce S, Sanchez-Monge R, Fernandez-Nieto M, Varela J, Sastre J, et al. Allergy to kiwi in patients with baker's asthma: identification of potential cross-reactive allergens. Annals of Allergy, Asthma & Immunology 2008;101(2):200-205.
8. Vidal C, Sanmartin C, Armisen M, Rodriguez V, Linneberg A, Gonzalez-Quintela A. Minor interference of cross-reactive carbohydrates with the diagnosis of respiratory allergy in standard clinical conditions. International Arch llergy and Immunology 2012;157(2):176-185.

Acknowledgements 
We wish to thank J Welch and B Fitzgerald for acquiring data for this study.

Authors’ contribution
H Howarth acquired and interpreted data, was involved with the writing of the manuscript and approved final version to be published. 
S Schofield analysed the data for the study, critically reviewed the manuscript and approved final version to be published.
J Cannon designed the study, acquired data for the study and approved final version to be published.
M Jones conceived and designed the study, critically reviewed the manuscript and approved final version to be published. .

Conflict of interest for each named author
H Harrison – no conflict of interest
S Schofield – no conflict of interest
J Cannon – no conflict of interest
M Jones – no conflict of interest





image1.png
% Inhibition of specific IgE binding to MUXF’

100
|

Il 'nhibited by wheat flour [l Inhibited by grass pollen

80
|

60
I

40
|

20

o

1 2 3 4 5 6 7 8 9 10 11 12 13

CCD sensitised bakers




