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Abstract
Background: The prevalence of peanut allergy has increased in developed countries, 

but little is known about developing countries with high peanut consumption and 

widespread parasitic infections.

Objective: We sought to investigate peanut allergy in Ghana.

Methods: In a cross-sectional survey among Ghanaian schoolchildren (n = 1604), data were 

collected on reported adverse reactions to peanut, peanut sensitization (serum specific IgE 

and skin reactivity), consumption patterns, and parasitic infections. In a subset (n = 43) IgE 

against Ara h 1, 2, 3, and 9 as well as cross-reactive carbohydrate determinants (CCDs) was 

measured by using ImmunoCAP. Cross-reactivity and biological activity were investigated 

by means of ImmunoCAP inhibition and basophil histamine release, respectively.

Results: Adverse reactions to peanut were reported in 1.5%, skin prick test reactivity 

in 2.0%, and IgE sensitization (≥0.35 kU/L) in 17.5% of participants. Moreover, 92.4% 

of those IgE sensitized to peanut (≥0.35 kU/L) had negative peanut skin prick test 

responses. Schistosoma haematobium infection was positively associated with IgE 

sensitization (adjusted odds ratio, 2.29; 95% CI, 1.37-3.86). In the subset IgE titres to Ara 

h 1, 2, 3, and 9 were low (<1.3 kU/L), except for 6 moderately strong reactions to Ara h 9. 

IgE against peanut was strongly correlated with IgE against CCDs (r = 0.89, p < 0.001) 

and could be almost completely inhibited by CCDs, as well as S. haematobium soluble 

egg antigen. Moreover, IgE to peanut showed poor biological activity.

Conclusions: Parasite-induced IgE against CCDs might account largely for high IgE 

levels to peanut in our study population of Ghanaian schoolchildren. No evidence of 

IgE-mediated peanut allergy was found.

Cl in ica l  Impl icat ions

Peanut-specific IgE antibodies in Ghana, a Sub-Saharan African country, show cross-

reactivity with clinically irrelevant carbohydrate determinants and therefore may 

reduce the diagnostic value of this parameter in establishing peanut allergy.  

Capsule Summary

In Ghana where peanut consumption is high and parasitic infections widespread, 

elevated peanut-specific IgE levels may primarily be due to cross-reactive carbohydrate 

determinants and may not result in skin reactivity or reported symptoms. 

Key Words

Peanut allergy, skin prick testing, Immunoglobulin E, Sub-Saharan Africa, IgE cross-

reactivity, cross-reactive carbohydrate determinants, helminth infections, basophil 

histamine release, EuroPrevall 
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Abbreviat ions 

adjOR: Adjusted odds ratio
AWA: Adult worm antigen
BHR: Basophil histamine release
CCD: Cross-reactive carbohydrate determinant
CI: Confidence interval
CRD: Component-resolved diagnostics
SEA: Soluble egg antigen
SPT: Skin prick test
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Introduction
Recent studies report a significant rise in the incidence of peanut allergy particularly 
in Europe and North America where self-reported peanut allergy is around 1% among 
individuals less than 18 years [1, 2]. According to a 5 year follow-up survey among 
children in Montréal, Canada, peanut allergy prevalence (confirmed by skin prick tests 
and oral food challenges) rose from 1.34% in 2000-2002 to 1.62% in 2005-2007 [3] 
while a population-based study conducted in Australia among infants aged 12 months 
found the prevalence of challenge-proven peanut allergy to be 3.0% [4].

Although extensive peanut allergy research has been conducted in Western 
countries, there are only a few published studies from other areas of the world 
where peanut consumption is high such as in South-East Asia. A population-based 
questionnaire survey in children 4-6 years as well as 14-16 years in two Asian 
populations indicates that self-reported adverse reactions to peanut in this region may 
vary between 0.43% and 0.64% [5]. Additionally, a food allergy study among children 
6-11 years in China, India and Russia described peanut allergy to be uncommon in all 
three countries [6]. For Sub-Saharan Africa, no published data are available to date.

One reason proposed to explain the lower prevalence of allergic disorders in many 
developing countries is the possible suppressive role of chronic infections on the 
development of allergies [7]. Infections, especially parasitic ones, are highly prevalent 
in Africa, Asia and South America, particularly in rural areas or in poor sections of 
urban communities [8-10]. One mechanism by which helminth infections are believed 
to protect against allergies is by activating regulatory networks that involve the 
induction of regulatory T and B cells as well as the modulation of innate immune cells 
[11, 12]. Another mechanism of recent interest has been how cross-reactivity between 
parasite/helminth antigens and allergens may affect IgE sensitization patterns and 
their translation into clinical symptoms [13, 14]. 

As there is little information on peanut allergy in Sub-Saharan Africa and on associated 
risk factors, we set out to investigate the epidemiology of peanut allergy in schoolchildren 
in Ghana, a country where peanut consumption is estimated to be high. In 2009 alone, the 
per capita consumption of peanuts in Ghana was approximately 12 kg [15] compared to 
a per capita estimate of 6.6 kg for the United States in the same year [16]. Our objective 
was to identify factors associated with peanut sensitization and reported symptoms such 
as parasitic infections, peanut consumption patterns and peanut preparation methods. 
We also sought to characterize IgE reactivity to peanut in our population. 

Methods
Study des ign and populat ion

We conducted a cross-sectional study between March 2006 and March 2008 that 
was part of a larger investigation into allergic sensitization and parasitic infections 
in schoolchildren in Southern Ghana. This investigation was carried out within the 
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framework of the European Union-funded EuroPrevall [17] and GLOFAL [18] projects 
(see details in the supplementary material). Outcome parameters of interest were 1. 
reported adverse reactions to peanut and 2. peanut sensitization based on serum 
specific immunoglobulin E (IgE) levels and skin prick test (SPT) reactivity. The study 
was approved by the Noguchi Memorial Institute for Medical Research Institutional 
Review Board, Ghana (NMIMR-IRB CPN 012/04-05). Three districts in the Greater 
Accra Region were selected for the investigation. Within these districts, schools 
were randomly selected and approached to participate in the study (see sampling 
methodology in the supplementary material).

We recruited children aged between 5 and 16 years attending 6 rural and 3 urban 
schools. Approximately 35% (1714/4852) of all children attending targeted schools agreed 
to participate in the study (see Figure E1 in the supplementary material). The overall 
participation rate in the rural schools was 34.7% compared to 36.4% in the urban schools. 
There was no information available on non-participants. Of 1714 children enrolled, 59 
subjects were in the end unavailable for data collection while 51 were excluded for being 
outside of the age-range (see Figure E2 in the supplementary material), leaving a total 
study population of 1604 children. Parameters measured were IgE serology (n=1328), skin 
prick test reactivity (n=1396), questionnaire (n=1372), urinary schistosomiasis (n=1537), 
intestinal helminths (n=1398) and malaria blood films (n =1468). 

Component-resolved diagnostics (CRD) could only be performed for a maximum 
of 50 subjects due to budgetary limitations. Subjects for whom a sufficient serum 
volume (≥350 μL) was available were included based on reported adverse reactions to 
peanut (n=8), peanut SPT positivity (n=15) and randomly selected subjects with IgE 
to peanut levels higher than 1.5 kU/L (n=15). This threshold was chosen to increase 
the sensitivity for measuring IgE against individual peanut allergens. Five randomly 
selected negative control subjects with no reported adverse reactions to peanut and 
no peanut sensitization were also included. Detailed selection procedure for the CRD 
subset can be found in the supplementary material.

Paras i to logica l  examinat ions

One stool sample per subject was collected for the detection of intestinal helminth 
eggs by the Kato-Katz technique [19] using 25 mg of stool. A urine sample was also 
collected to determine S. haematobium infection using the standard filtration method 
[20] in which 10 ml of urine is filtered through a nylon nucleopore filter (pore size, 12 
μm). For each subject, a small quantity of blood was collected to prepare a Giemsa-
stained thick smear slide to detect malaria. 

Quest ionnaire 

A standard questionnaire (see thesis appendix) was administered to the parents or 
guardians of study subjects to collect information on demographic and socioeconomic 
parameters as well as information on established risk factors for the development 
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of allergy. Questions on the symptoms of adverse reactions to food were included 

in the questionnaire. These were adapted from the validated EuroPrevall survey 

questionnaire [21]. The questionnaire was administered by trained interviewers who 

were fluent in the local language of each participant. It was pre-tested in a pilot study 

under field conditions to ensure understanding and acceptability. 

Skin pr ick test ing 

Skin prick test reactivity to a commercially available whole peanut extract (kindly 

provided by ALK-Abelló, Madrid, Spain) was assessed using the standard protocol [22, 

23] as has been described in detail elsewhere [24]. We defined peanut SPT positivity 

as a mean wheal diameter ≥ 3 mm [25].

IgE ant ibody measurements 

ImmunoCAP (Thermo Fisher Scientific, Uppsala, Sweden) measurements were carried 

out following the manufacturer’s instructions. IgE to peanut was assessed in all 

participants and 0.35 kU/L was used as the sensitization cut-off. A cut-off of ≥15 kU/L, 

that is reported to have a positive predictive value of 95% for clinical peanut allergy 

[26], was also examined.

For the CRD subset (n=43), specific IgE to recombinant peanut allergens (rAra h 1, 2, 

3 and 9), profilin (rPhl p 12) and to bromelain, a marker for cross-reactive carbohydrate 

determinants (CCD), was assessed by ImmunoCAP. Bet v 1 homologous Ara h 8 was 

excluded from the analysis because there is no exposure to Fagales tree pollen in Ghana. 

IgE inhibit ion assays

Titrated ImmunoCAP inhibition assays were conducted to establish the degree of 

cross-reactivity of peanut-specific IgE. To this end, 75 μL of pooled serum comprised of 

equal volumes of 17 sera (all with peanut-specific IgE levels >5.5 kU/L and similar IgE 

responses to peanut as well as to bromelain) was mixed with 75 μL of inhibitor. Inhibitors 

used were either bromelain, Schistosoma haematobium soluble egg antigen (SEA), 

Schistosoma haematobium adult worm antigen (AWA) or Ascaris lumbricoides antigen. 

For three subjects, two with high and one with low IgE titres to Ara h 9, individual sera 

were also tested by ImmunoCAP inhibition. Each serum pool (or individual sera) was 

pre-incubated with an inhibitor at room temperature for 1 hour. Subsequently, samples 

were analysed for peanut-specific IgE as described above. Results were expressed as 

percentages of an uninhibited control (phosphate buffered saline). 

Basophi l  h istamine re lease (BHR)  assays

To assess the biological activity of peanut-specific IgE in our population, BHR assays 

were performed using stripped basophils from a non-allergic donor that were sensitized 

with sera of subjects selected from the CRD subset (n=43). Two sera with similar levels 
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of IgE against peanut and CCD were selected. In addition, two with higher IgE against 
peanut than against CCD in combination with high IgE against Ara h 9 were also 
evaluated (see full characteristics in Table E1 in the supplementary material). BHR 
assays were performed as has been described elsewhere [27, 28]. 

Stat ist ica l  analys is

Analysis was carried out using STATA version 10 (StataCorp, Texas, USA). Urban-rural 
differences in subject characteristics as well as in peanut sensitization (IgE and SPT) 
and reported adverse reactions were examined by Pearson’s χ2 tests (with 1 degree 
of freedom). To assess factors associated with peanut sensitization (IgE and SPT) and 
reported adverse reactions, multivariable random effects logistic regression models 
were fitted that took into account possible correlation among observations within 
each school by modelling school as a random effect. This approach was used since 
children attending the same school were likely to share common characteristics as 
well as exposures. Models were adjusted for age, sex and urban-rural area (as a priori 
confounders) along with other variables significant from crude analysis. 

Results
Character ist ics  of  the study populat ion

The characteristics of the study participants stratified by area are given in Table I. 
There were no significant differences in gender distribution and age-group comparing 
the two areas although urban children had a slightly higher median age. In addition, 
rural subjects had significantly more helminth infections and malaria. 

Although peanut consumption was high in both areas, reported daily consumption 
was considerably higher among rural schoolchildren (36.2%) compared to their urban 
counterparts (9.8%). Furthermore, in the rural area, both “boiled only” and “roasted 
only” peanut preparation methods were reported more frequently than in the urban 
area where the combination of roasting and then boiling peanuts in soup preparation 
was more common. Topical exposure to peanut as assessed by the use of peanut oil 
as a skin ointment was higher in rural compared to urban schools.

Reported adverse reactions and sensitization (IgE and SPT) to peanut 

Adverse reactions were reported in 1.5% (n=21/1372) of participants (see Table II) 
most of whom were rural schoolchildren. The distribution pattern of the characteristics 
of those reporting adverse reactions (see Table E2 in the supplementary material) did 
not differ significantly from the rest of the study population (statistical tests data not 
shown). About 67% of those reporting adverse reactions to peanut had gastrointestinal 
complaints and 43% had complaints described as itching of the mouth or difficulty 
swallowing. Only 4 out of 21 subjects reported a reaction time “within minutes” (see 
Table E3 in the supplementary material). 
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Table I. Characteristics of study population stratified by area

FACTOR ALL n / N (%)

AREA

P-value #Rural n / N (%) Urban n / N (%)

Sex 

Males 757 / 1604 (47.2) 465 / 976 (47.6) 292 / 628 (46.5) 0.65

Females 847 / 1604 (52.8) 511 / 976 (52.4) 336 / 628 (53.5)

Age

<11 years or less 785 / 1604 (48.9) 496 / 976 (50.8) 289 / 628 (46.0) 0.06

>more than 11years 819 / 1604 (51.1) 480 / 976 (49.2) 339 / 628 (54.0)

Parasitic Infections

Any intestinal helminth § (positive) 248 / 1398 (17.7) 236 / 834 (28.3) 12 / 564 (2.1) <0.001

S. haematobium (positive) 103 / 1537 (6.7) 83 / 922 (9.0) 20 / 615 (3.3) <0.001

Plasmodium species* (positive) 349 / 1468 (23.8) 310 / 880 (35.2) 39 / 588 (6.6) <0.001

Peanut Consumption 

Daily (yes) 365 / 1372 (26.6) 316 / 874 (36.2) 49 / 498 (9.8) <0.001

Weekly (yes) 760 / 1372 (55.4) 438 / 874 (50.1) 322 / 498 (64.7) <0.001

Monthly (yes) 183 / 1372 (13.3) 70 / 874 (8.0) 113 / 498 (22.7) <0.001

Every 6 months (yes) 21 / 1372 (1.5) 12 / 874 (1.4) 9 / 498 (1.8) 0.52

Never (yes) 35 / 1372 (2.6) 35 / 874 (4.0) 0 / 498 (0.0) <0.001

Missing Consumption information 8 / 1372 (0.6) 3 / 874 (0.3) 5 / 498 (1.0)

Exclusive Peanut Preparation Methods

Boiled ONLY  (yes) 61 / 1372 (4.4) 56 / 874 (6.4) 5 / 498 (1.0) <0.001

Fried ONLY  (yes) 19 / 1372 (1.4) 19 / 874 (2.2) 0 / 498 (0.0)  0.001

Roasted ONLY  (yes) 277 / 1372 (20.2) 276 / 874 (31.6) 1 / 498 (0.2) <0.001

Other Peanut Preparation Methods 

Raw (yes) 22 / 1372 (1.6) 3 / 874 (0.3) 19 / 498 (3.8) <0.001

Peanut Oil** 

Use of peanut oil (yes) 33 / 1370 (2.4) 32 / 872 (3.7) 1 / 498 (0.2) <0.001

# P-values were calculated by using Pearson’s χ2 test (1 degree of freedom). Values in boldface 
indicate significance. 
§ Any intestinal helminth= Ascaris lumbricoides, hookworm (Ancylostoma duodenale or Necator 
americanus), Trichuris trichiura or Schistosoma mansoni.
* Plasmodium species = Plasmodium falciparum or Plasmodium malariae (the 2 malaria parasite 
species detected in our study population).
** Peanut oil use information missing for 2 participants.

The percentage of subjects with a positive peanut SPT was 2.0% (n=28/1396) and this 
was not significantly different between the two areas (see Table II). Positive wheal sizes for 
peanut ranged from 3.0 mm to 6.5 mm and did not vary between areas (data not shown). 

Peanut IgE sensitization (≥0.35 kU/L) was observed in 17.5% (n=233/1328) of the 
study population with 23.6% of rural children being sensitized compared to 9.7% of 
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Table II. Prevalence of adverse reactions to peanut and peanut sensitization (SPT and IgE) stratified 
by area

FACTOR ALL n / N (%)

AREA

P value #Rural n / N (%) Urban n / N (%)

Adverse reactions to food  

Any food  154 / 1372 (11.2) 115 / 874 (13.2) 39 / 498 (7.8) 0.003

Peanut 21 / 1372  (1.5) 18 / 874  (2.1) 3 / 498 (0.6) 0.035

Skin prick test reactivity  

Peanut Positive 28 / 1396  (2.0) 17 / 881 (1.9) 11 / 515 (2.1) 0.79

Peanut-specific IgE   

>0.35 kU/L 233 / 1328 (17.5) 177 / 751 (23.6) 56 / 577 (9.7) <0.001

>15 kU/L 12 / 1328  (0.9) 8 / 751 (1.1) 4 / 577 (0.7) 0.48

# P-values were calculated by using Pearson’s χ2 test (1 degree of freedom).
Values in boldface indicate significance.

urban participants (p <0.001). However, 92.4% (n=194/210) of those IgE sensitized to 
peanut (≥0.35 kU/L) were peanut SPT negative. Interestingly, 0.9% (n=12/1328) of the 
study subjects were highly sensitized when using the IgE cut-off of ≥15 kU/L, which is 
reported to have a positive predictive value of 95% for clinical peanut allergy [26], but 
only 1 of them reported reactions. Figure 1 shows the overlap between the peanut-
related outcomes for study subjects with complete allergy data (reported reactions, 
SPT and IgE). No individual was positive for all three parameters. 

Factors  assoc iated with peanut sens i t izat ion ( IgE and SPT)  
and reported adverse react ions to peanut

In multivariable analysis, area was strongly associated with peanut IgE sensitization 
≥0.35 kU/L with urban subjects having a reduced odds of elevated IgE relative to their 
rural counterparts [adjOR= 0.41, 95% CI (0.25 - 0.67), p <0.001] (see Table III). Being 
S. haematobium infected was also associated with peanut IgE sensitization [adjOR= 
2.29, 95% CI (1.37 - 3.86), p <0.001] while intestinal helminth infection was not.

Although the majority of peanut IgE sensitized individuals were not peanut 
SPT positive, almost all peanut SPT positive subjects were IgE sensitized. Thus, in 
multivariable analysis, IgE sensitization was associated with peanut SPT reactivity 
[adjOR= 17.09, 95%CI (6.30 – 46.36), p <0.01]. In addition, while not observed in crude 
analysis, residing in the urban area was associated with a significantly higher chance of 
being SPT positive to peanut after adjusting for confounders (see Table III). No other 
factors, including helminth infection, had an effect on SPT to peanut (see Table III).

Data on peanut consumption and preparation methods as risk factors for peanut-
related outcomes are shown in Table E4 (see supplementary material). ‘Never’ consuming 
peanuts, as a proxy for avoidance, was associated with reported symptoms [adjOR=5.40, 
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95% CI (1.47 – 19.80), p <0.05]. Raw peanut consumption was also linked to reported 

adverse reactions to peanut [adjOR=17.14, 95% CI (2.93 – 100.45), p <0.01]. However, 

numbers were low as reflected in the wide confidence interval. All other factors, including 

helminth infection, were not significantly associated with reported adverse reactions to 

peanut (see Table III and Table E4 in the supplementary material). 

Component-resolved IgE test ing

Figure 2A shows the results of CRD performed in a subset (n=43) to better characterize 

peanut-specific IgE. Those with IgE to peanut >1.5 kU/L (median 12.5 kU/L) had high 

levels of IgE to CCD but low IgE responses (<1.3 kU/L) to rAra h 1-3 and rPhl p 

12. A strong correlation was seen between peanut-specific IgE and CCD-specific IgE 

[r = 0.89, p <0.001] (see Figure 2B). For some individuals, IgE against peanut was 

significantly higher than to CCD and in 6 of these, high titres of IgE to the lipid transfer 

protein rAra h 9 were observed (see Figure 2A). Of note, 4 out of 6 of these subjects 

were peanut SPT positive (see Table E1 in the supplementary material).

Inh ib it ion of  IgE binding to peanut by CCD and schistosome 
egg ant igen

Titrated CAP-inhibition assays demonstrated that binding of IgE from a serum pool of 

individuals (n=17) with similar IgE titres to peanut as to CCD was almost completely 

Figure 1: Overlap between peanut allergy outcomes

Overlap between reported adverse reactions to peanut and peanut sensitization (IgE levels and SPT 
responses) for subjects with complete data for allergy-related parameters. (n=1004).
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inhibited by CCD as well as by S. haematobium SEA (see Figure 3). Individual 
inhibitions for two subjects with high IgE to peanut and to Ara h 9 as well as low IgE 
to CCD showed <10% inhibition by SEA (see Table E1 in the supplementary material). 
In addition, S. haematobium AWA and A. lumbricoides antigen did not inhibit binding 
significantly (data not shown).

Figure 2: Characterization of specific IgE to peanut in a subset

[A] Measurement of specific IgE to whole peanut extract, recombinant peanut allergens, profilin and 
CCD marker bromelain in a subset (n=43). Median specific IgE levels are indicated by black lines. The 
dotted line shows IgE sensitization cut-off of 0.35 kU/L. [B] Correlation between peanut-specific IgE 
and CCD-specific IgE. Open circles () indicate subjects with IgE to rAra h 9 of greater than 1.5 kU/L.
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BHR Assays

Peanut extract induced little histamine release when basophils were sensitized with 
IgE from subjects with similar IgE reactivity to peanut as to CCD (see Figure 4A and 
4B). For these individuals, the ability of S. haematobium SEA to induce histamine 
release was tested and only at a concentration of 10 μg/ml, release was observed. 
For two subjects with titres of IgE against Ara h 9 >70 kU/L (see Figure 4C and 4D), 
Arah 9 induced significant histamine release starting at 10 pg/ml reaching maximum 
release at about 1 ng/ml while with peanut extract, release was seen starting from a 
concentration of 10 μg/ml.

Discussion
Our study is the first investigation of reported adverse reactions to peanut and peanut 
sensitization based on serum specific IgE as well as SPT reactivity in Sub-Saharan 
Africa among an unselected group of children. We confirmed that there was a high 
frequency of daily peanut consumption in Southern Ghana particularly among rural 
schoolchildren. We also observed an association between reported peanut adverse 
reactions and peanut avoidance. The percentage of reported peanut adverse reactions 
among schoolchildren in our survey was 1.5%. However, the majority of these reported 
reactions occurred within hours/days while IgE-mediated peanut allergy is typically 
associated with symptoms appearing within minutes or up to 2 hours [29]. 

Figure 3: Inhibition of IgE binding to peanut

Inhibition of IgE binding to whole peanut by bromelain and S. haematobium soluble egg antigen (SEA) 
by using pooled sera (n=17). The figure shows that IgE binding to whole peanut extract was almost 
completely inhibited by bromelain (◊) and S. haematobium soluble egg antigen (∆) respectively.
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Among study participants, 2.0% were peanut SPT positive. Although 17.5% of all 

subjects had elevated IgE to peanut (≥0.35 kU/L), 92.4% of these were peanut SPT 

negative. One explanation for the discrepancy between specific IgE and SPT could be 

the suppression of IgE induced inflammation by immunological regulatory networks 

[30] that might be operative during chronic helminth infections. However, we did not 

observe any association between helminth infection and SPT to peanut. 

Notably, 12 out of 1328 participants had peanut-specific IgE levels ≥15 kU/L; a 

cut-off reported to have a positive predictive value of 95% for clinical peanut allergy 

in a European study population [26] but was virtually unaccompanied by reported 

symptoms in our study. This highlights the limitations in applying cut-off values 

determined in one population to other populations.

Analysis by component-resolved diagnostics in a subset indicated that the majority 

of those with high titres of IgE against peanut (median 12.5 kU/L) had low responses 

Figure 4: Basophil histamine release assays

Basophil histamine release assay results. Basophil histamine release induced by peanut extract (●), 
S. haeamatobium SEA (∆) and Ara h 9 (). [A] and [B] are results for two subjects with high IgE titres 
against peanut and CCD. [C] and [D] are results for two subjects with high IgE titres against peanut 
and Ara h 9 but low IgE titres against CCD.
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(<1.3 kU/L) against the major peanut allergens (Ara h 1, 2 and 3) commonly associated 
with peanut allergy [31-33]. Recently, IgE responses to Ara h2 in particular, have 
been used to differentiate between clinical peanut allergy and asymptomatic peanut 
sensitization [34] as well as to improve diagnostic accuracy [35]. One study observed 
that a cut-off of IgE to rAra h2 >0.23 kU/L had a specificity of 97% and sensitivity of 
93% among peanut allergic patients and controls in France [32]. Taken all together, 
sensitization to peanut storage proteins in Ghana appears weak and rare compared 
to European or US peanut allergic patients. The lack of clinical reactivity among study 
participants with elevated IgE responses to Ara h 2 would have to be explored further.

The most dominant molecular component recognized by IgE in peanut-sensitized 
subjects in our subset was CCD. A strong correlation was observed between IgE to peanut 
and to CCD. CCDs are N-glycans in plants and invertebrate glycoproteins that result in a 
high degree of cross-reactivity between pollen and foods [36]. CCDs have negligible in 
vivo biological activity as well as clinical relevance [37-39]. Grass pollen was found to be of 
minor importance in Ghanaian schoolchildren as was established in a pilot study preceding 
the present survey. In our study population, we observed that current S. haematobium 
infection was associated with elevated IgE to peanut. Moreover, among our subset, the 
results of the ImmunoCAP inhibition assays showed that plant-derived CCD (bromelain) 
inhibited IgE binding to peanut and that a Schistosoma-derived glycoprotein preparation 
was an equally potent inhibitor. These observations suggest that carbohydrate specific 
IgE is induced by glycoproteins from the eggs of S. haematobium that are different 
from but cross-reactive with those on bromelain. Interestingly, Schistosoma adult worm 
glycoproteins were not effective as inhibitors indicating the importance of stage-specific 
N-glycans in this cross-reactivity. The importance of cross-reactivity might also explain 
the residual effect for rural area on IgE to peanut, which was seen after adjusting for 
current S. haematobium infection. Past infections in individuals residing in the rural area 
might have led to cross-reactive IgE to peanut.

Interestingly, in the studied subset, IgE responses to Ara h 9 were elevated in 6 
children with two having IgE titres >70 kU/L. Furthermore, IgE antibodies against Ara h 
9 were biologically active at low allergen concentrations (pg/ng range) as determined 
by basophil histamine release assays. The observation that 4 out of 6 subjects with 
high IgE to Ara h 9 were peanut SPT positive is in line with these BHR results. However, 
none of these reported immediate adverse reactions to peanut. Altogether, the data 
suggest that sources other than CCD could contribute to elevated IgE to peanut 
extract. The origin of sensitization to this lipid transfer protein is unknown and whether 
a locally consumed fruit is at the basis of this sensitization, as is commonly reported in 
Europe in relation to peach [31, 40, 41], remains to be determined for Ghana. 

Our study had a number of limitations such as a low participation rate but given 
our observation that IgE-mediated peanut allergy in Ghanaian schoolchildren is rare (if 
existing at all), it is unlikely that selection bias is affecting our findings in this respect. 
However, the borderline significant difference in age between rural and urban children 
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as well as the fact that the rural population is from areas that are endemic for helminth 

infections need to be taken into account when considering the generalizability of our 

findings. The absence of the gold standard for peanut allergy (oral food challenges) 

is another limitation but given that reported adverse reactions to peanut were 

largely not accompanied by immediate reactions, this is less likely to be an issue. An 

additional study weakness is the use of a questionnaire as a measurement tool for 

adverse reactions as well as other self-reported parameters. Furthermore, our school-

based study design meant that children less than 5 years were excluded from the 

investigation which might bias the results by omitting an important age-group affected 

by peanut allergy. However, given the persistent nature of peanut allergy among most 

individuals, the effect of an older age cut-off of 5 years is likely to be minimal. The fact 

that CRD was conducted in a relatively small subset of our larger study population is 

another limitation although the subset did not differ from the wider study population 

on key demographic factors and parasitic infections. 

Despite these limitations, our study provides new insights into the nature of peanut 

sensitization and reported adverse reactions to peanut in Ghana, a Sub-Saharan 

African country where peanut consumption is high but does not appear to translate 

into true peanut sensitization, let alone peanut allergy. Overall, our observations 

suggest that IgE-mediated peanut allergy in Ghanaian schoolchildren is rare. Among a 

subset, we found a role for N-glycans, particularly related to Schistosoma, in inducing 

cross-reactivity resulting in elevated IgE to peanut without skin reactivity or reported 

symptoms. This study once more highlights the poor biological activity of CCD-specific 

IgE. Interestingly, IgE to Ara h 9 demonstrated normal biological activity suggesting 

that lack of biological activity is not the only explanation for the lack of clinical peanut 

allergy. Future studies on the characteristics of cross-reactive IgEs and the pathways 

behind their development may be essential to the ongoing investigation of immune 

regulatory mechanisms in an effort to curtail strong allergic inflammation.

Acknowledgements
The authors wish to thank Dr. Domingo Barber and Dr. Lucia Jimeno (Alk-Abelló, 

Madrid, Spain) for providing skin prick testing material. Our appreciation goes to Mrs. 

Yvonne Kruize-Hoeksma for technical expertise, Mr. Dziedzom DeSouza for the design 

of the database, Mr. Richard A. Akuffo for data entry, Miss Linda Tamatey for technical 

assistance in parasitology and also Dr. Ron Wolterbeek for assistance with statistical 

analysis. We would also like to express our sincerest gratitude to the national service 

personnel involved in the study, community leaders, school authorities and teachers 

of all participating schools for all their assistance. Finally, we are most indebted to 

the study participants and their families for their time and commitment. Funding was 

provided by EuroPrevall (FOOD-CT-2005-514000), GLOFAL (FOOD-CT-2005-517812) 

and The Wellcome Trust (075791/Z/04/Z).

82



Pe
a

n
u

t a
lle

r
g

y in
 G

h
a

n
a

4

References

1.	 Ben-Shoshan M, Turnbull E, Clarke A, Food 
allergy: temporal trends and determinants. 
Current Allergy and Asthma Reports 
2012;12: 346-72.

2.	 Sicherer SH, Leung DYM, Advances in 
allergic skin disease, anaphylaxis, and 
hypersensitivity reactions to foods, drugs, 
and insects in 2011. The Journal of Allergy 
and Clinical Immunology 2012;129: 76-85.

3.	 Ben-Shoshan M, Kagan RS, Alizadehfar R, 
Joseph L, Turnbull E, St Pierre Y, Clarke 
AE, Is the prevalence of peanut allergy 
increasing? A 5-year follow-up study in 
children in Montreal. The Journal of Allergy 
and Clinical Immunology 2009;123: 783-8.

4.	 Osborne NJ, Koplin JJ, Martin PE, Gurrin 
LC, Lowe AJ, Matheson MC, Ponsonby A-L, 
Wake M, Tang MLK, Dharmage SC, Allen 
KJ, Prevalence of challenge-proven IgE-
mediated food allergy using population-
based sampling and predetermined 
challenge criteria in infants.The Journal of 
Allergy and Clinical Immunology 2011;127: 
668-76.e2.

5.	 Shek LP-C, Cabrera-Morales EA, Soh SE, 
Gerez I, Ng PZ, Yi FC, Ma S, Lee BW, A 
population-based questionnaire survey 
on the prevalence of peanut, tree nut, and 
shellfish allergy in 2 Asian populations. The 
Journal of Allergy and Clinical Immunology 
2010;126: 324-31.e7.

6.	 Wong G, Patterns of food allergy outside 
Europe. Clinical and Translational Allergy 
2011;1: S6.

7.	 Yazdanbakhsh M, Kremsner PG, van Ree 
R, Allergy, Parasites, and the Hygiene 
Hypothesis. Science 2002;296: 490-94.

8.	 Belyhun Y, Medhin G, Amberbir A, Erko B, 
Hanlon C, Alem A, Venn A, Britton J, Davey 
G, Prevalence and risk factors for soil-
transmitted helminth infection in mothers 
and their infants in Butajira, Ethiopia: 
a population based study. BMC Public 
Health 2010;10: 21.

9.	 Flohr C, Tuyen LN, Lewis S, Quinnell R, Minh 
TT, Liem HT, Campbell J, Pritchard D, Hien TT, 
Farrar J, Williams H, Britton J, Poor sanitation 
and helminth infection protect against skin 
sensitization in Vietnamese children: A cross-
sectional study. The Journal of Allergy and 
Clinical Immunology 2006;118: 1305-11.

10.	Cooper PJ, Alexander N, Moncayo A-L, 
Benitez S, Chico M, Vaca M, Griffin G, 
Environmental determinants of total 
IgE among school children living in the 
rural Tropics: importance of geohelminth 
infections and effect of anthelmintic 
treatment. BMC Immunology 2008;9: 33.

11.	Smits HH, Everts B, Hartgers FC, 
Yazdanbakhsh M, Chronic Helminth 
Infections Protect Against Allergic Diseases 
by Active Regulatory Processes. Current 
Allergy and Asthma Reports 2010;10: 3-12.

12.	Hussaarts L, van der Vlugt LEPM, 
Yazdanbakhsh M, Smits HH, Regulatory 
B-cell induction by helminths: Implications 
for allergic disease. The Journal of Allergy 
and Clinical Immunology 2011;128: 733-39.

13.	Acevedo N, Caraballo L, IgE cross-
reactivity between Ascaris lumbricoides 
and mite allergens: possible influences on 
allergic sensitization and asthma. Parasite 
Immunology 2011;33: 309-21.

14.	Santiago HC, Bennuru S, Boyd A, Eberhard 
M, Nutman TB, Structural and immunologic 
cross-reactivity among filarial and mite 
tropomyosin: Implications for the hygiene 
hypothesis. The Journal of Allergy and 
Clinical Immunology 2010;127: 479-86.

15.	Ministry of Food and Agriculture. Agriculture 
in Ghana Fact and Figures (2009). In: 
Statistics. Accra (Ghana): Ministry of Food 
and Agriculture 2010.

16.	United States Department of Agriculture. 
Food availability. Spreadsheets. In: Food 
Availability (per capita) Data System. 
Washington, District of Columbia (USA): 
United States Department of Agriculture 
2012.

17.	EuroPrevall; The Prevalence Cost and Basis 
of Food Allergy. Available at: http://www.
europrevall.org.

18.	Global View of Food Allergy. Available at: 
http://www.glofal.org.

19.	Katz N, Chaves A, Pellegrino J, A simple 
device for quantitative stool thick-smear 
technique in Schistosomiasis mansoni. 
Revista do Instituto de Medicina Tropical 
de São Paulo 1972;14: 397-400.

20.	Peters PA, Mahmoud AA, Warren KS, 
Ouma JH, Siongok TK, Field studies of 
a rapid, accurate means of quantifying 

83



Pe
a

n
u

t a
lle

r
g

y in
 G

h
a

n
a

4

Schistosoma haematobium eggs in urine 
samples. Bulletin of the World Health 
Organization 1976;54: 159-62.

21.	Kummeling I, Mills ENC, Clausen M, 
Dubakiene R, Pérez CF, Fernández-Rivas 
M, Knulst AC, Kowalski ML, Lidholm J, Le 
TM, Metzler C, Mustakov T, Popov T, Potts 
J, Van Ree R, Sakellariou A, Töndury B, 
Tzannis K, Burney P, The EuroPrevall surveys 
on the prevalence of food allergies in 
children and adults: background and study 
methodology. Allergy 2009;64: 1493-97.

22.	Bernstein IL, Storms WW, Practice parameters 
for allergy diagnostic testing. Joint Task Force 
on Practice Parameters for the Diagnosis and 
Treatment of Asthma. The American Academy 
of Allergy, Asthma and Immunology and the 
American College of Allergy, Asthma and 
Immunology. Annals of Allergy, Asthma and 
Immunology1995;75: 543-625.

23.	Dreborg S, The skin prick test in the diagnosis 
of atopic allergy. Journal of the American 
Academy of Dermatology 1989;21: 820-1.

24.	Obeng BB, Amoah AS, Larbi IA, 
Yazdanbakhsh M, van Ree R, Boakye DA, 
Hartgers FC, Food allergy: sensitization 
and reported symptoms in Ghanaian 
schoolchildren. International Archives of 
Allergy and Immunology 2011;155: 63-73 

25.	Zarei M, Remer CF, Kaplan MS, Staveren 
AM, Lin CK, Razo E, Goldberg B, Optimal 
skin prick wheal size for diagnosis of cat 
allergy. Annals of Allergy, Asthma and 
Immunology2004;6.: 604-10.

26.	Roberts G, Lack G, the Avon Longitudinal 
Study of Parents and Children Study T, 
Diagnosing peanut allergy with skin prick and 
specific IgE testing. The Journal of Allergy 
and Clinical Immunology 2005;115: 1291-96.

27.	Kleine Budde I, de Heer PG, van der Zee 
JS, Aalberse RC, The stripped basophil 
histamine release bioassay as a tool for 
the detection of allergen-specific IgE in 
serum. International Archives of Allergy 
and Immunology 2001;126.: 277-85.

28.	Mari A, Ooievaar-de Heer P, Scala E, 
Giani M, Pirrotta L, Zuidmeer L, Bethell 
D, Van Ree R, Evaluation by double-blind 
placebo-controlled oral challenge of the 
clinical relevance of IgE antibodies against 
plant glycans. Allergy 2008;63: 891-96.

29.	Burks AW, Peanut allergy. The Lancet 
2008;371: 1538-46.

30.	Macaubas, Sly, Burton, Tiller, Yabuhara, 
Holt, Smallacombe, Kendall, Jenmalm, 
Regulation of T-helper cell responses to 
inhalant allergen during early childhood. 
Clinical and Experimental Allergy : journal 
of the British Society for Allergy and Clinical 
Immunology 1999;29: 1223-31.

31.	Vereda A, van Hage M, Ahlstedt S, Ibañez 
MD, Cuesta-Herranz J, van Odijk J, 
Wickman M, Sampson HA, Peanut allergy: 
Clinical and immunologic differences 
among patients from 3 different geographic 
regions. The Journal of Allergy and Clinical 
Immunology 2011;127: 603-07.

32.	Codreanu F, Collignon O, Roitel O, Thouvenot 
B, Sauvage C, Vilain AC, Cousin MO, Decoster 
A, Renaudin JM, Astier C, Monnez JM, Vallois 
P, Morisset M, Moneret-Vautrin DA, Brulliard 
M, Ogier V, Castelain MC, Kanny G, Bihain BE, 
Jacquenet S, A Novel Immunoassay Using 
Recombinant Allergens Simplifies Peanut 
Allergy Diagnosis. International Archives of 
Allergy and Immunology 2011;154: 216-26.

33.	Nicolaou N, Murray C, Belgrave D, Poorafshar 
M, Simpson A, Custovic A, Quantification 
of specific IgE to whole peanut extract and 
peanut components in prediction of peanut 
allergy. The Journal of Allergy and Clinical 
Immunology 2011;127: 684-85.

34.	Hong X, Caruso D, Kumar R, Liu R, Liu X, 
Wang G, Pongracic JA, Wang X, IgE, but 
not IgG4, antibodies to Ara h 2 distinguish 
peanut allergy from asymptomatic peanut 
sensitization. Allergy 2012;67: 1538-46.

35.	Eller E, Bindslev-Jensen C, Clinical value of 
component-resolved diagnostics in peanut-
allergic patients. Allergy 2013; 68: 190-4.

36.	van Ree R, Carbohydrate epitopes and their 
relevance for the diagnosis and treatment of 
allergic diseases. International Archives of 
Allergy and Immunology 2002;129 189-97.

37.	van der Veen MJ, van Ree R, Aalberse RC, 
Akkerdaas J, Koppelman SJ, Jansen HM, 
van der Zee JS, Poor biologic activity of 
cross-reactive IgE directed to carbohydrate 
determinants of glycoproteins. The Journal 
of Allergy and Clinical Immunology 
1997;100: 327-34.

38.	Mari A, IgE to Cross-Reactive Carbohydrate 
Determinants: Analysis of the Distribution 
and Appraisal of the in vivo and in vitro 
Reactivity. International Archives of Allergy 
and Immunology 2002;129: 286-95.

84



Pe
a

n
u

t a
lle

r
g

y in
 G

h
a

n
a

4

39.	Altmann F, The role of protein glycosylation 
in allergy. International Archives of Allergy 
and Immunology 2007;142 99-115 

40.	Krause S, Reese G, Randow S, Zennaro 
D, Quaratino D, Palazzo P, Ciardiello MA, 
Petersen A, Becker W-M, Mari A, Lipid 
transfer protein (Ara h 9) as a new peanut 
allergen relevant for a Mediterranean allergic 
population. The Journal of Allergy and 
Clinical Immunology 2009;124: 771-78.e5.

41.	Lauer I, Dueringer N, Pokoj S, Rehm S, 
Zoccatelli G, Reese G, Miguel-Moncin 
MS, Cistero-Bahima A, Enrique E, 
Lidholm J, Vieths S, Scheurer S, The non-
specific lipid transfer protein, Ara h 9, is 
an important allergen in peanut. Clinical 
and Experimental Allergy : journal of the 
British Society for Allergy and Clinical 
Immunology 2009;39: 1427-37.

Supplementary material 
Study overv iew:  EuroPreval l  and GLOFAL

We conducted a cross-sectional investigation that was carried out within the framework 
of the European Union-funded EuroPrevall and Global View of Food Allergy (GLOFAL) 
projects. EuroPrevall was a multi-disciplinary project examining the prevalence, cost and 
basis of food allergy in Europe that ran between June 2005 and December 2009 [E1].

It involved the collaboration of 17 European Union member states as well as non-
European partners [E2]. The main focus of the project was to explore the patterns and 
the prevalence of food allergies across Europe as well as to improve the diagnosis of 
food allergy. Within the frame of the EuroPrevall Project, the multi-centre GLOFAL 
initiative was formulated to provide insights from developing countries in Africa 
(Gabon and Ghana) as well as Asia (Indonesia). GLOFAL was a collaborative project 
between researchers in developing countries and Europe-based EuroPrevall partners 
[E3]. One of the specific objectives of the GLOFAL project was to generate novel 
insights into the interaction between food consumption, the immune system and the 
development of allergies. It was ultimately expected that the identification of risk 
factors for allergy in rapidly urbanizing countries may prevent allergy epidemics in 
these areas while the identification of protective factors may be useful in stemming the 
allergic march in more industrialized parts of the world [E4].

Sampl ing Methodology

For our investigation, a school-based design was deemed to be the most logistically 
feasible approach. To this end, urban and rural schools were targeted. Of particular 
interest were areas where parasitic infections were known to be prevalent and where 
no school-based mass deworming exercises had been conducted in recent years.

Out of the 10 administrative regions of Ghana, the Greater Accra Region was 
selected for the study. This was in part because the host institute for the research 
project, the Noguchi Memorial Institute for Medical Research was located in this 
region. In addition, areas within the Greater Accra region remain endemic for helminth 
infections and malaria. In 2006, the Greater Accra Region was comprised of 6 districts 
2 of which were urban (Accra Metropolis and Tema Municipal Area). Out of the 4 
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remaining largely rural districts, we targeted ones where no district-wide school-based 
mass deworming program had taken place in recent years. Therefore, the Ga East 
and Dangme East districts were selected. Within both districts, one sub-district was 
randomly selected. Lists of all schools in the targeted sub-districts were obtained and 
each school approached about willingness to participate in the study.

For our urban schools, we selected one of the two urban districts of the Greater 
Accra Region, the Accra Metropolis. Out of the 6 sub-metros of Accra, two were 
selected. Within the two sub-metros, a list of all private and public schools with an 
enrolment greater than 200 that were also located within a 10 km radius of the host 
institute was generated. All schools were approached about willingness to participate 
in the study. After a school head agreed to participate, meetings were held where 
details of the study were verbally explained to parents with the aid of a powerpoint 
presentation. These meetings were conducted in the appropriate local language 
and information sheets distributed. Once a parent or guardian agreed to enrol their 
ward(s), signed or thumb-printed individual informed consent forms were obtained for 
each verbally assenting study subject. Schools where study enrolment was >30% were 
included in our analysis. 

Select ion of  Component-Resolved Diagnost ics  (CRD) subset

Having observed that a significant proportion of study participants had elevated IgE 
to peanut without skin prick test reactivity and reported adverse reactions to peanut, 
component resolved diagnostics (CRD) was used to better characterize the following 
groups; 

1.	 Individuals reporting adverse reactions to peanut
2.	 Peanut skin prick test positives
3.	 Those with elevated peanut-specific IgE
4.	 Negative controls

CRD could only be performed for a maximum of 50 subjects due to budgetary limitations. 
In the database there were 21 subjects reporting adverse reactions. Of these, 12 

subjects had sera samples that were used in the ImmunoCAP analysis. Of the 12 subjects 
who had sera, only 8 had sufficient volumes of sera (≥350 μL) available for CRD analysis. 

Of the 28 subjects in the database who were skin prick test (SPT) positive to 
peanut, 22 had sera samples that were used in the ImmunoCAP analysis. Of these, 15 
had sufficient sera (≥350 μL) left for CRD parameters. 

In the database there were 97 subjects with IgE to peanut that was >1.5 kU/L. This 
threshold was chosen to increase the sensitivity for measuring IgE against individual peanut 
allergens. Of these, 67 had sufficient sera (≥350 μL) and 15 were selected randomly.

For controls, in the database there were 596 subjects with IgE to peanut <0.05 
kU/L who reported no symptoms and were peanut SPT negative. Out of these, 489 
had sufficient sera and from these, 5 individuals were randomly selected. The total in 
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the CRD subset was 43 subjects. Figure E3 shows a flowchart of children selected for 
the CRD component of the study

Supplementary mater ia l  references
E1.	Mills ENC, Mackie AR, Burney P, Beyer K, Frewer L, Madsen C, et al. The prevalence, cost and 

basis of food allergy across Europe. Allergy 2007; 62:717-22.
E2.	EuroPrevall: The Prevalence Cost & Basis of Food Allergy. Available from http://www.

europrevall.org.
E3.	Global View of Food Allergy. Available from http://www.glofal.org.
E4.	Final Report Summary - GLOFAL (Global view of food allergy: opportunities to study the 

influence of microbial exposure) Luxembourg European Commission  Community Research 
and Development Information Service; 2011. Available from http://cordis.europa.eu/.
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Figure E2: Flowchart of study participants

Flowchart of children recruited from the rural and urban study areas. The number of subjects with 
complete data for allergy parameters was1004. The number of subjects with complete data for all 
parameters was 877. 

* Excluded participants: 59 enrolled subjects were unavailable for data collection and 51 were 
outside of the age-range. 

Figure E3. Flowchart of selection for component-resolved diagnostics 

Flowchart of children selected for the component-resolved diagnostics component of the study.
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Table E1. Characteristics of subset selected for component-resolved diagnostics

ID Area Age Sex
Reported Peanut 

Reactions Peanut SPT
Peanut SPT 

Wheal Size (mm) ID

Specific IgE (kU/L)
In Serum 

Pool?

Individual 
Inhibition by 

SEA (%)
BHR 

Assay?Peanut  CCD  Ara h 1 Ara h 2 Ara h 3 Ara h 9 Phl p 12

AB011 R 7 F ND - 0.0 AB011 24.90 25.90 0.30 0.44 0.48 0.46 0.43 SP ND ND
AB041 R 9 M - - 0.0 AB041 0.01 0.03 0.03 0.05 0.03 0.09 0.06 ND ND ND
AB051 R 10 F + - 0.0 AB051 40.20 1.83 0.12 0.18 0.18 72.80 0.29 ND 3.6 BHR
AN052 R 8 F - - 0.0 AN052 12.71 10.80 0.15 0.20 0.35 0.26 0.29 SP ND ND
AN068 R 9 M + - 0.0 AN068 0.00 0.02 0.01 0.02 0.01 0.01 0.03 ND ND ND
AN084 R 12 F - - 0.0 AN084 12.49 12.50 0.20 0.33 0.26 0.30 0.27 SP ND ND
AN102 R 9 F + - 0.0 AN102 2.45 2.50 0.11 0.11 0.10 0.25 0.18 ND ND ND
AN115 R 7 M - - 0.0 AN115 11.17 9.82 0.23 0.39 0.48 0.40 0.44 SP ND ND
AN132 R 10 M - + 3.5 AN132 0.46 0.44 0.04 0.10 0.06 0.21 0.10 ND ND ND
AN142 R 10 M - - 0.0 AN142 10.58 17.10 0.14 0.26 0.21 1.80 0.38 SP ND ND
AN143 R 10 F - + 3.5 AN143 34.59 38.40 0.48 0.80 0.59 0.67 0.58 SP ND ND
AN190 R 10 M + - 0.0 AN190 0.00 0.02 0.00 0.02 0.01 0.03 0.02 ND ND ND
AN218 R 12 M - - 0.0 AN218 18.11 25.50 0.19 0.22 0.22 0.33 0.32 SP ND ND
AN220 R 10 F - - 0.0 AN220 13.82 15.70 0.18 0.35 0.26 0.46 1.08 SP ND ND
AN228 R 9 M - + 4.5 AN228 2.18 1.79 0.08 0.10 0.07 0.20 0.15 ND ND ND
AN248 R 12 M - + 5.0 AN248 2.17 2.48 0.11 0.27 0.11 0.27 0.28 ND ND ND
GP001 R 7 M + - 0.0 GP001 0.03 0.05 0.03 0.06 0.03 0.09 0.09 ND ND ND
GP031 R 12 F + - 0.0 GP031 10.89 9.59 0.07 0.12 0.12 0.10 0.10 SP ND ND
GP074 R 10 M - - 0.0 GP074 19.59 16.40 0.27 0.34 0.24 0.34 0.58 SP ND ND
GP094 R 8 M - - 0.0 GP094 0.04 0.09 0.05 0.06 0.05 0.26 0.09 ND ND ND
GR063 U 7 M - - 1.8 GR063 13.62 0.77 0.60 1.26 0.64 ND 0.66 ND ND ND
GR098 U 9 M ND + 5.0 GR098 4.51 1.02 0.08 0.09 0.07 0.10 0.13 ND ND ND
GR101 U 10 M - - 0.0 GR101 5.51 5.02 0.05 0.10 0.07 0.06 0.10 SP ND ND
GR104 U 10 F - - 0.0 GR104 0.00 0.02 0.01 0.02 0.01 0.00 0.03 ND ND ND
GR145 U 16 M - + 4.0 GR145 30.02 27.50 0.46 0.69 0.61 11.5 0.53 SP ND ND
GR211 U 13 F - + 4.0 GR211 21.00 4.89 0.05 0.10 0.06 77.4 0.13 ND 9.2 BHR
GR280 U 13 M - + 4.5 GR280 0.99 1.23 0.06 0.08 0.07 0.13 0.08 ND ND ND
IP161 U 12 F - - 0.0 IP161 1.58 1.27 0.08 0.10 0.07 0.11 0.16 ND ND ND
IP183 U 14 F ND + 6.5 IP183 9.28 8.53 0.31 0.58 0.67 0.61 0.47 SP ND ND
IP211 U 15 M - + 3.0 IP211 1.20 1.36 0.07 0.12 0.11 0.11 0.12 ND ND ND
IP241 U 6 M - - 0.0 IP241 0.01 0.47 0.01 0.02 0.01 0.01 0.03 ND ND ND
IP245 U 13 F + - 0.0 IP245 0.94 0.97 0.14 0.19 0.18 0.18 0.33 ND ND ND
KD023 R 10 M - - 0.0 KD023 7.81 4.56 0.38 0.44 1.13 0.46 0.71 ND ND ND
KD065 R 11 F - - 0.0 KD065 29.92 29.70 0.82 1.19 1.01 0.79 1.08 SP ND BHR
KD068 R 10 M - - 0.0 KD068 20.60 20.40 0.09 0.14 0.11 0.26 0.22 SP ND ND
KD110 R 12 F - - 0.0 KD110 0.00 0.02 0.01 0.02 0.01 0.00 0.03 ND ND ND
KD126 R 12 M - - 0.0 KD126 64.28 78.30 0.84 1.22 1.01 0.72 1.04 SP ND BHR
KD138 R 12 M - + 3.0 KD138 13.14 11.80 0.32 1.13 0.38 0.71 0.42 SP ND ND
NB049 U 7 F ND + 3.5 NB049 2.24 0.10 0.08 0.11 0.07 4.8 0.16 ND ND ND
NB071 U 13 M - + 3.5 NB071 0.52 0.68 0.09 0.10 0.08 0.15 0.19 ND ND ND
PA058 R 12 M - + 3.5 PA058 3.72 0.13 0.03 0.04 0.04 9.43 0.09 ND ND ND
TP095 R 10 M + - 0.0 TP095 0.01 0.03 0.01 0.02 0.02 0.06 0.04 ND ND ND
TP116 R 12 F - + 3.0 TP116 4.67 2.86 0.06 0.09 0.07 0.06 0.08 ND 83.1 ND

R,  rural; U,  Urban,  M, Male; F,  Female; +,   Positive;  -, Negative; SP, Included in the serum 
pool for the inhibition assays; SEA, S. haematobium soluble egg antigen BHR, Included in BHR 
assays shown; ND,  Not done.
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Table E1. Characteristics of subset selected for component-resolved diagnostics

ID Area Age Sex
Reported Peanut 

Reactions Peanut SPT
Peanut SPT 

Wheal Size (mm) ID

Specific IgE (kU/L)
In Serum 

Pool?

Individual 
Inhibition by 

SEA (%)
BHR 

Assay?Peanut  CCD  Ara h 1 Ara h 2 Ara h 3 Ara h 9 Phl p 12

AB011 R 7 F ND - 0.0 AB011 24.90 25.90 0.30 0.44 0.48 0.46 0.43 SP ND ND
AB041 R 9 M - - 0.0 AB041 0.01 0.03 0.03 0.05 0.03 0.09 0.06 ND ND ND
AB051 R 10 F + - 0.0 AB051 40.20 1.83 0.12 0.18 0.18 72.80 0.29 ND 3.6 BHR
AN052 R 8 F - - 0.0 AN052 12.71 10.80 0.15 0.20 0.35 0.26 0.29 SP ND ND
AN068 R 9 M + - 0.0 AN068 0.00 0.02 0.01 0.02 0.01 0.01 0.03 ND ND ND
AN084 R 12 F - - 0.0 AN084 12.49 12.50 0.20 0.33 0.26 0.30 0.27 SP ND ND
AN102 R 9 F + - 0.0 AN102 2.45 2.50 0.11 0.11 0.10 0.25 0.18 ND ND ND
AN115 R 7 M - - 0.0 AN115 11.17 9.82 0.23 0.39 0.48 0.40 0.44 SP ND ND
AN132 R 10 M - + 3.5 AN132 0.46 0.44 0.04 0.10 0.06 0.21 0.10 ND ND ND
AN142 R 10 M - - 0.0 AN142 10.58 17.10 0.14 0.26 0.21 1.80 0.38 SP ND ND
AN143 R 10 F - + 3.5 AN143 34.59 38.40 0.48 0.80 0.59 0.67 0.58 SP ND ND
AN190 R 10 M + - 0.0 AN190 0.00 0.02 0.00 0.02 0.01 0.03 0.02 ND ND ND
AN218 R 12 M - - 0.0 AN218 18.11 25.50 0.19 0.22 0.22 0.33 0.32 SP ND ND
AN220 R 10 F - - 0.0 AN220 13.82 15.70 0.18 0.35 0.26 0.46 1.08 SP ND ND
AN228 R 9 M - + 4.5 AN228 2.18 1.79 0.08 0.10 0.07 0.20 0.15 ND ND ND
AN248 R 12 M - + 5.0 AN248 2.17 2.48 0.11 0.27 0.11 0.27 0.28 ND ND ND
GP001 R 7 M + - 0.0 GP001 0.03 0.05 0.03 0.06 0.03 0.09 0.09 ND ND ND
GP031 R 12 F + - 0.0 GP031 10.89 9.59 0.07 0.12 0.12 0.10 0.10 SP ND ND
GP074 R 10 M - - 0.0 GP074 19.59 16.40 0.27 0.34 0.24 0.34 0.58 SP ND ND
GP094 R 8 M - - 0.0 GP094 0.04 0.09 0.05 0.06 0.05 0.26 0.09 ND ND ND
GR063 U 7 M - - 1.8 GR063 13.62 0.77 0.60 1.26 0.64 ND 0.66 ND ND ND
GR098 U 9 M ND + 5.0 GR098 4.51 1.02 0.08 0.09 0.07 0.10 0.13 ND ND ND
GR101 U 10 M - - 0.0 GR101 5.51 5.02 0.05 0.10 0.07 0.06 0.10 SP ND ND
GR104 U 10 F - - 0.0 GR104 0.00 0.02 0.01 0.02 0.01 0.00 0.03 ND ND ND
GR145 U 16 M - + 4.0 GR145 30.02 27.50 0.46 0.69 0.61 11.5 0.53 SP ND ND
GR211 U 13 F - + 4.0 GR211 21.00 4.89 0.05 0.10 0.06 77.4 0.13 ND 9.2 BHR
GR280 U 13 M - + 4.5 GR280 0.99 1.23 0.06 0.08 0.07 0.13 0.08 ND ND ND
IP161 U 12 F - - 0.0 IP161 1.58 1.27 0.08 0.10 0.07 0.11 0.16 ND ND ND
IP183 U 14 F ND + 6.5 IP183 9.28 8.53 0.31 0.58 0.67 0.61 0.47 SP ND ND
IP211 U 15 M - + 3.0 IP211 1.20 1.36 0.07 0.12 0.11 0.11 0.12 ND ND ND
IP241 U 6 M - - 0.0 IP241 0.01 0.47 0.01 0.02 0.01 0.01 0.03 ND ND ND
IP245 U 13 F + - 0.0 IP245 0.94 0.97 0.14 0.19 0.18 0.18 0.33 ND ND ND
KD023 R 10 M - - 0.0 KD023 7.81 4.56 0.38 0.44 1.13 0.46 0.71 ND ND ND
KD065 R 11 F - - 0.0 KD065 29.92 29.70 0.82 1.19 1.01 0.79 1.08 SP ND BHR
KD068 R 10 M - - 0.0 KD068 20.60 20.40 0.09 0.14 0.11 0.26 0.22 SP ND ND
KD110 R 12 F - - 0.0 KD110 0.00 0.02 0.01 0.02 0.01 0.00 0.03 ND ND ND
KD126 R 12 M - - 0.0 KD126 64.28 78.30 0.84 1.22 1.01 0.72 1.04 SP ND BHR
KD138 R 12 M - + 3.0 KD138 13.14 11.80 0.32 1.13 0.38 0.71 0.42 SP ND ND
NB049 U 7 F ND + 3.5 NB049 2.24 0.10 0.08 0.11 0.07 4.8 0.16 ND ND ND
NB071 U 13 M - + 3.5 NB071 0.52 0.68 0.09 0.10 0.08 0.15 0.19 ND ND ND
PA058 R 12 M - + 3.5 PA058 3.72 0.13 0.03 0.04 0.04 9.43 0.09 ND ND ND
TP095 R 10 M + - 0.0 TP095 0.01 0.03 0.01 0.02 0.02 0.06 0.04 ND ND ND
TP116 R 12 F - + 3.0 TP116 4.67 2.86 0.06 0.09 0.07 0.06 0.08 ND 83.1 ND

R,  rural; U,  Urban,  M, Male; F,  Female; +,   Positive;  -, Negative; SP, Included in the serum 
pool for the inhibition assays; SEA, S. haematobium soluble egg antigen BHR, Included in BHR 
assays shown; ND,  Not done.
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Table E2. Characteristics of subjects reporting adverse reactions to peanut

FACTOR N (%)

Sex ( N=21)  

Male 8 (38.1) 

Females 13 (61.9)

 Age (N=21)  

<11 years or less 13 (61.9) 

>more than 11 years 8 (38.1)

Parasitic Infections  

Any intestinal helminth § positive (N=18) 2 (11.1)

S.haematobium positive  (N=18) 1 (5.6)

Plasmodium species*  (N=14) 3 (21.4)

Symptoms (N=21)  

Itching, tingling or swelling in the mouth, lips or throat 7 (33.3)

Difficulty swallowing 2 (9.5)

A rash, nettle sting-like rash or itchy skin 0 (0.0)

Diarrhoea or vomiting (other than food poisoning) 14 (66.7)

Runny or stuffy nose  3 (14.3)

Red, sore or running eyes  3 (14.3)

Breathlessness 2 (9.5)

Stiffness in your joints 4 (19.1)

Fainting or dizziness 2 (9.5)

Headaches 7 (33.3)

Reaction Time following Ingestion (N=21)

Minutes 4 (19.1)

Hours 12 (57.1)

Days 2 (9.5)

Missing Information 3 (14.3)

How Long did Symptoms Last? (N=21)  

Minutes 2 (9.5)

Hours 7 (33.3)

Days 9 (42.9)

Missing Information 3 (14.3)

§ Any intestinal helminth= Ascaris lumbricoides, hookworm (Ancylostoma duodenale or Necator 
americanus), Trichuris trichiura or Schistosoma mansoni.
*Plasmodium species = Plasmodium falciparum or Plasmodium malariae (the 2 malaria parasite 
species detected in our population).
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