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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 5 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 (n5 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 titers 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 5 0.89, P < .0001) 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. (J Allergy Clin Immunol 2013;nnn:nnn-nnn.)
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Recent studies report a significant increase in the incidence of
peanut allergy, particularly in Europe and North America, where
self-reported peanut allergy is approximately 1% among subjects
less than 18 years of age.1,2 According to a 5-year follow-up sur-
vey among children in Montreal, Canada, peanut allergy preva-
lence (confirmed by skin prick tests [SPTs] and oral food
challenges) increased from 1.34% in 2000-2002 to 1.62% in
2005-2007,3 and a population-based study conducted in Australia
among infants aged 12months found the prevalence of challenge-
proved 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 Southeast Asia. A population-based questionnaire survey in
children of both 4 to 6 years and 14 to 16 years of age in 2 Asian
populations indicates that self-reported adverse reactions to
peanut in this region might vary between 0.43% and 0.64%.5 Ad-
ditionally, a food allergy study among children 6 to 11 years old in
China, India, and Russia described peanut allergy to be uncom-
mon in all 3 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 suppres-
sive 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 im-
mune cells.11,12 Another mechanism of recent interest has been
how cross-reactivity between parasite/helminth antigens and al-
lergens can affect IgE sensitization patterns and their translation
into clinical symptoms.13,14

Because 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
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Abbreviations used

aOR: Adjusted odds ratio

BHR: Basophil histamine release

CCD: Cross-reactive carbohydrate determinant

CRD: Component-resolved diagnostics

SEA: Soluble egg antigen

SPT: Skin prick test

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 kg15 compared with 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 sensitiza-
tion 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 design and population
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 framework of the European Union–funded

EuroPrevall17 and GLOFAL18 projects (see details in the Methods section in

this article’s Online Repository at www.jacionline.org). Outcome parameters

of interest were (1) reported adverse reactions to peanut and (2) peanut sensi-

tization based on serum specific IgE levels and SPT reactivity. The study was

approved by the Noguchi Memorial Institute for Medical Research Institu-

tional 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 Methods section in this article’s

Online Repository).

We recruited children between 5 and 16 years old attending 6 rural and 3

urban schools. Approximately 35% (1714/4852) of all children attending

targeted schools agreed to participate in the study (see Fig E1 in this article’s

Online Repository at www.jacionline.org). The overall participation rate in the

rural schools was 34.7% comparedwith 36.4% in the urban schools. Therewas

no information available on nonparticipants. Of 1714 children enrolled, 59

subjects were ultimately unavailable for data collection, and 51 were excluded

for being outside of the age range (see Fig E2 in this article’s Online Repos-

itory at www.jacionline.org), leaving a total study population of 1604

children. Parameters measured were IgE serology (n5 1328), SPT reactivity

(n 5 1396), questionnaire results (n 5 1372), urinary schistosomiasis (n 5
1537), intestinal helminths (n 5 1398), and malaria blood films (n 5 1468).

Component-resolved diagnostics (CRD) could only be performed for a

maximum of 50 subjects because of budgetary limitations. Subjects for whom

a sufficient serum volume (>_350 mL) was available were included based on

reported adverse reactions to peanut (n 5 8), peanut SPT response positivity

(n5 15), and randomly selected subjects with IgE levels to peanut of greater

than 1.5 kU/L (n5 15). This threshold was chosen to increase the sensitivity

for measuring IgE levels against individual peanut allergens. Five randomly

selected negative control subjects with no reported adverse reactions to peanut

and no peanut sensitization were also included. The detailed selection

procedure for the CRD subset can be found in the Methods section in this

article’s Online Repository and also see Fig E3.

Parasitological examinations
One stool sample per subject was collected for the detection of intestinal

helminth eggs by using theKato-Katz technique19 with 25mg of stool. A urine

sample was also collected to determine Schistosoma haematobium infection

by using the standard filtration method20 in which 10 mL of urine is filtered

through a nylon nucleopore filter (pore size, 12 mm). For each subject, a small

quantity of blood was collected to prepare a Giemsa-stained thick smear slide

to detect malaria.

Questionnaire
A standard questionnaire (for a copy of the questionnaire, see this article’s

Online Repository at www.jacionline.org) was administered to the parents or

guardians of study subjects to collect information on demographic and socio-

economic parameters, as well as information on established risk factors for the

development of allergy. Questions on the symptoms of adverse reactions to

food were included in the questionnaire. These were adapted from the vali-

dated EuroPrevall survey questionnaire.21 The questionnaire was adminis-

tered by trained interviewers who were fluent in the local language of each

participant. It was pretested in a pilot study under field conditions to ensure

understanding and acceptability.

SPTs
SPT reactivity to a commercially available whole peanut extract (kindly

provided by ALK-Abell�o, Madrid, Spain) was assessed by using the standard

protocol,22,23 as has been described in detail elsewhere.24 We defined peanut

SPT response positivity as a mean wheal diameter of 3 mm or greater.25

IgE antibody measurements
ImmunoCAP (Thermo Fisher Scientific, Uppsala, Sweden) measurements

were carried out according to the manufacturer’s instructions. IgE levels to

peanut were assessed in all participants, and 0.35 kU/L was used as the

sensitization cutoff. A cutoff of 15 kU/L or greater, which is reported to have a

positive predictive value of 95% for clinical peanut allergy,26 was also

examined.

For the CRD subset (n5 43), specific IgE to recombinant peanut allergens

(rAra h 1, 2, 3, and 9), profilin (rPhl p 12), and bromelain, a marker for cross-

reactive carbohydrate determinants (CCDs), was assessed by using Immuno-

CAP. Bet v 1–homologous Ara h 8 was excluded from the analysis because

there is no exposure to Fagales tree pollen in Ghana.

IgE inhibition assays
Titrated ImmunoCAP inhibition assays were conducted to establish the

degree of cross-reactivity of peanut-specific IgE. To this end, 75 mL 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 mL of inhibitor. Inhibitors used were either bromelain, S

haematobium soluble egg antigen (SEA), S haematobium adult worm antigen,

orAscaris lumbricoides antigen. For 3 subjects, 2 with high and 1with low IgE

titers to Ara h 9, individual sera were also tested by using ImmunoCAP inhi-

bition. Each serum pool (or individual sera) was preincubatedwith an inhibitor

at room temperature for 1 hour. Subsequently, samples were analyzed for

peanut-specific IgE, as described above. Results were expressed as percent-

ages of an uninhibited control (PBS).

Basophil histamine release assays
Basophil histamine release (BHR) assays were performed with stripped

basophils from a nonallergic donor that were sensitized with sera of subjects

selected from the CRD subset (n 5 43) to assess the biological activity of

peanut-specific IgE in our population. Two sera with similar IgE levels against

peanut and CCDs were selected. In addition, 2 sera with higher IgE levels

against peanut than against CCDs in combination with high IgE levels against

Ara h 9 were also evaluated (see full characteristics in Table E1 in this article’s

Online Repository at www.jacionline.org). BHR assays were performed, as

described elsewhere.27,28

Statistical analysis
Analysis was carried out with STATA version 10 software (StataCorp,

College Station, Tex). Urban-rural differences in subjects’ characteristics, as
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well as in peanut sensitization (IgE and SPT) and reported adverse reactions,

were examined by using the Pearson x2 test with 1 df. To assess factors asso-

ciated with peanut sensitization (IgE levels and SPT responses) and reported

adverse reactions, multivariable random effects logistic regression models

were fitted that took into account possible correlations among observations

within each school by modeling school as a random effect. This approach

was used because children attending the same school were likely to share com-

mon characteristics, as well as exposures. Models were adjusted for age, sex,

and urban-rural area (as a priori confounders) along with other variables sig-

nificant from crude analysis.

RESULTS

Characteristics of the study population
The characteristics of the study participants stratified by area

are given in Table I. There were no significant differences in
sex distribution and age group when comparing the 2 areas, al-
though urban children had a slightly higher median age. In addi-
tion, 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 with their urban coun-
terparts (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 based on the use of peanut oil as a skin ointment, was
higher in rural compared with urban schools.

Reported adverse reactions and sensitization (IgE

levels and SPT responses) to peanut
Adverse reactions were reported in 1.5% (n 5 21/1372) of

participants (Table II), most of whom were rural schoolchil-
dren. The distribution pattern of the characteristics of those re-
porting adverse reactions (see Table E2 in this article’s Online
Repository at www.jacionline.org) did not differ significantly
from the rest of the study population (statistical test data not
shown). About 67% of those reporting adverse reactions to pea-
nut had gastrointestinal complaints, and 43% had complaints

TABLE I. Characteristics of the study population stratified by area

Factor

Area

P value*All, n/N (%) Rural, n/N (%) Urban, n/N (%)

Sex

Male 757/1604 (47.2) 465/976 (47.6) 292/628 (46.5) .65

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

Age
<_11 y 785/1604 (48.9) 496/976 (50.8) 289/628 (46.0) .06
>_11 y 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) <.001

S haematobium (positive) 103/1537 (6.7) 83/922 (9.0) 20/615 (3.3) <.001

Plasmodium species� (positive) 349/1468 (23.8) 310/880 (35.2) 39/588 (6.6) <.001

Peanut consumption

Daily (yes) 365/1372 (26.6) 316/874 (36.2) 49/498 (9.8) <.001

Weekly (yes) 760/1372 (55.4) 438/874 (50.1) 322/498 (64.7) <.001

Monthly (yes) 183/1372 (13.3) 70/874 (8.0) 113/498 (22.7) <.001

Every 6 mo (yes) 21/1372 (1.5) 12/874 (1.4) 9/498 (1.8) .52

Never (yes) 35/1372 (2.6) 35/874 (4.0) 0/498 (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) <.001

Fried only (yes) 19/1372 (1.4) 19/874 (2.2) 0/498 (0.0) .001

Roasted only (yes) 277/1372 (20.2) 276/874 (31.6) 1/498 (0.2) <.001

Other peanut preparation methods

Raw (yes) 22/1372 (1.6) 3/874 (0.3) 19/498 (3.8) <.001

Peanut oil§

Use of peanut oil (yes) 33/1370 (2.4) 32/872 (3.7) 1/498 (0.2) <.001

*P values were calculated by using Pearson x2 test with 1 df. Values in boldface indicate significance.

�Any intestinal helminth 5 Ascaris lumbricoides, hookworm (Ancylostoma duodenale or Necator americanus), Trichuris trichiura, or Schistosoma mansoni.

�Plasmodium species 5 Plasmodium falciparum or Plasmodium malariae (the 2 malaria parasite species detected in our study population).

§Peanut oil use information missing for 2 participants.

TABLE II. Prevalence of adverse reactions to peanut and

peanut sensitization (SPT responses and IgE levels) stratified

by area

Factor

Area

P value*All, n/N (%) Rural, n/N (%)

Urban,

n/N (%)

Adverse reactions

to food

Any food 154/1372 (11.2) 115/874 (13.2) 39/498 (7.8) .003

Peanut 21/1372 (1.5) 18/874 (2.1) 3/498 (0.6) .035

SPT reactivity

Peanut positive 28/1396 (2.0) 17/881 (1.9) 11/515 (2.1) .79

Peanut-specific IgE
>_0.35 kU/L 233/1328 (17.5) 177/751 (23.6) 56/577 (9.7) <.001
>_15 kU/L 12/1328 (0.9) 8/751 (1.1) 4/577 (0.7) .48

*P values were calculated by using the Pearson x2 test with 1 df. Values in boldface

indicate significance.
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described as itching of the mouth or difficulty swallowing. Only
4 of 21 subjects reported a reaction time ‘‘within minutes’’
(see Table E3 in this article’s Online Repository at www.
jacionline.org).

The percentage of subjects with a positive peanut SPT response
was 2.0% (n 5 28/1396), and this was not significantly different
between the 2 areas (Table II). Positive wheal sizes for peanut
ranged from 3.0 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 5 233/1328) of the study population, with 23.6% of
rural children being sensitized compared with 9.7% of urban
participants (P < .001). However, 92.4% (n 5 194/210) of
those IgE sensitized to peanut (>_0.35 kU/L) had negative pea-
nut SPT responses. Interestingly, 0.9% (n 5 12/1328) of the
study subjects were highly sensitized when using the IgE cut-
off of 15 kU/L or greater, which is reported to have a positive
predictive value of 95% for clinical peanut allergy,26 but only
1 of them reported reactions. Fig 1 shows the overlap between
the peanut-related outcomes for study subjects with complete
allergy data (reported reactions, SPT levels, and IgE

responses). No subjects had positive results for all 3
parameters.

Factors associated with peanut sensitization (IgE

levels and SPT responses) and reported adverse

reactions to peanut
In multivariable analysis area was strongly associated with

peanut IgE sensitization of 0.35 kU/L or greater, with urban
subjects having a reduced odds of increased IgE levels relative to
their rural counterparts (adjusted odds ratio [aOR], 0.41; 95% CI,
0.25-0.67; P < .001; Table III). S haematobium infection was also
associatedwith peanut IgE sensitization (aOR, 2.29; 95%CI, 1.37-
3.86; P5 .002), whereas intestinal helminth infection was not.

Although themajority of peanut IgE–sensitized subjects did not
have positive peanut SPT responses, almost all subjects with
positive peanut SPT responses were IgE sensitized. Thus in
multivariable analysis IgE sensitization was associated with
peanut SPT reactivity (aOR, 17.09; 95% CI, 6.30-46.36;
P <.001). In addition, although not observed in crude analyses, re-
siding in an urban area was associated with a significantly higher

FIG 1. 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 5 1004).

TABLE III. Factors associated with reported adverse reactions to peanut and peanut sensitization (IgE levels and SPT responses)

Factors

Peanut-specific IgE

(>_0.35 kU/L vs <0.35 kU/L)

Positive peanut

SPT response (1 vs 2)

Reported adverse reactions to

peanut (yes vs no)

aOR (95% CI)

Wald test

P value aOR (95% CI)

Wald test

P value aOR (95% CI)

Wald test

P value

Peanut-specific IgE (>_0.35 kU/L vs <0.35 kU/L) 17.09 (6.30-46.36) <.001 1.94 (0.57-6.63) .29

Positive peanut SPT response (1 vs 2) 2.82 (0.35-22.70) .33

Age (>_11 y vs <11 y) 1.07 (0.78-1.47) .67 1.36 (0.55-3.36) .51 0.58 (0.24-1.42) .23

Sex (male vs female) 1.12 (0.83-1.51) .47 1.65 (0.67-4.03) .27 0.68 (0.28-1.65) .39

Area (urban vs rural) 0.41 (0.25-0.67) <.001 2.94 (1.03-8.40) .044 0.30 (0.09-1.01) .052

Any intestinal helminth* (1 vs 2) 1.01 (0.66-1.55) .97 0.69 (0.17-2.84) .61 0.35 (0.08-1.56) .17

S haematobium (1 vs 2) 2.29 (1.37-3.86) .002 0.41 (0.05-3.42) .41 0.65 (0.08-4.95) .67

Plasmodium species� (1 vs 2) 1.10 (0.77-1.56) .61 0.49 (0.13-1.82) .28 0.59 (0.16-2.20) .44

Peanut-specific IgE models were adjusted for age, sex, area, and S haematobium infection. Peanut SPT models were adjusted for age, sex, area and peanut-specific IgE levels.

Reported peanut reaction models were adjusted for age, sex, and area.

*Any intestinal helminth 5 Ascaris lumbricoides, hookworm (Ancylostoma duodenale or Necator americanus), Trichuris trichiura, or Schistosoma mansoni.

�Plasmodium species 5 Plasmodium falciparum or Plasmodium malariae (the 2 malaria parasite species detected in our study population).
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chance of having a positive SPT response to peanut after adjusting
for confounders (Table III). No other factors, including helminth
infection, had an effect on SPT responses to peanut (Table III).

Data on peanut consumption and preparation methods as risk
factors for peanut-related outcomes are shown in Table E4 in this
article’s Online Repository at www.jacionline.org. ‘‘Never’’ con-
suming peanuts, as a proxy for avoidance, was associated with re-
ported symptoms (aOR, 5.40; 95% CI, 1.47-19.80; P < .05). Raw
peanut consumption was also linked to reported adverse reactions
to peanut (aOR, 17.14; 95% CI, 2.93-100.45; P < .01). However,
numbers were low, as reflected in the wide CI. All other factors,
including helminth infection, were not significantly associated
with reported adverse reactions to peanut (Table III and see
Table E4).

Component-resolved IgE testing
Fig 2, A, shows the results of CRD performed in a subset (n5

43) to better characterize peanut-specific IgE. Those with IgE

levels to peanut of greater than 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 to 3 and rPhl p 12. A strong correlation was seen
between peanut-specific IgE and CCD-specific IgE levels (r 5
0.89, P < .0001; Fig 2, B). For some subjects, IgE levels against
peanut were significantly higher than those to CCDs, and in 6
of these subjects, high titers of IgE to the lipid transfer protein
rAra h 9 were observed (Fig 2, A). Of note, 4 of 6 of these subjects
had positive peanut SPT responses (see Table E1).

Inhibition of IgE binding to peanut by CCDs and

schistosome egg antigen
Titrated CAP inhibition assays demonstrated that binding of

IgE from a serum pool of subjects (n5 17) with similar IgE titers
to peanut as to CCDs was almost completely inhibited by CCDs,
as well as by S haematobium SEA (Fig 3). Interestingly, SEA, a
glycoprotein preparation of S haematobium eggs, inhibited at a
greater than 100-fold lower protein concentration than the

FIG 2. A,Measurement of specific IgE levels towhole peanut extract, recombinant peanut allergens, profilin,

and the CCD marker bromelain in a subset (n 5 43). Median specific IgE levels are indicated by black lines.
The dotted line shows an IgE sensitization cutoff of 0.35 kU/L.B,Correlation between peanut-specific IgE and

CCD-specific IgE levels. Open circles indicate subjects with IgE to rAra h 9 of greater than 1.5 kU/L.
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plant-derived glycoprotein marker for CCDs, bromelain. Individ-
ual inhibitions for 2 subjects with high IgE levels to peanut and
Ara h 9, as well as low IgE levels to CCDs, showed less than
10% inhibition by SEA (see Table E1). In addition, S haema-
tobium adult worm antigen and A lumbricoides antigen did not in-
hibit binding significantly (data not shown).

BHR assays
Peanut extract induced little histamine release when basophils

were sensitized with IgE from subjects with similar IgE reactivity
to peanut as to CCDs (Fig 4, A and B). For these subjects, the abil-
ity of S haematobium SEA to induce histamine release was tested,
and only at a concentration of 10 mg/mL was release observed.
For 2 subjects with titers of IgE against Ara h 9 of greater than
70 kU/L (Fig 4, C and D), Ara h 9 induced significant histamine
release starting at 10 pg/mL, reaching maximum release at ap-
proximately 1 ng/mL, whereas with peanut extract, release was
seen starting from a concentration of 10 mg/mL.

DISCUSSION
Our study is the first investigation of reported adverse reactions

to peanut and peanut sensitization based on serum specific IgE
measurements, 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 ob-
served an association between reported peanut-related adverse
reactions and peanut avoidance. The percentage of reported
peanut-related adverse reactions among schoolchildren in our
survey was 1.5%. However, the majority of these reported
reactions occurred within hours/days, whereas IgE-mediated
peanut allergy is typically associated with symptoms appearing
within minutes or up to 2 hours.29

Among study participants, 2.0% had positive peanut SPT
responses. Although 17.5% of all subjects had increased IgE

levels to peanut (>_0.35 kU/L), 92.4% of these had negative peanut
SPT responses. One explanation for the discrepancy between
specific IgE levels and SPT responses could be the suppression of
IgE-induced inflammation by immunologic regulatory net-
works30 that might be operative during chronic helminth infec-
tions. However, we did not observe any association between
helminth infection and SPT responses to peanut.

Notably, 12 of 1328 participants had peanut-specific IgE levels
of 15 kU/L or greater, a cutoff reported to have a positive
predictive value of 95% for clinical peanut allergy in a European
study population26 but was virtually unaccompanied by reported
symptoms in our study. This highlights the limitations in applying
cutoff values determined in one population to other populations.

Analysis by CRD in a subset indicated that the majority of
those with high IgE titers against peanut (median, 12.5 kU/L) had
low responses (<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 h 2 in particular have been used to
differentiate between clinical peanut allergy and asymptomatic
peanut sensitization,34 as well as to improve diagnostic accur-
acy.35 One study observed that an IgE cutoff to rAra h 2 of greater
than 0.23 kU/L had a specificity of 97% and sensitivity of 93%
among patients with peanut allergy and control subjects in
France.32 Taken together, sensitization to peanut storage proteins
in Ghana appears weak and rare compared with that in European
or US patients with peanut allergy. The lack of clinical reactivity
among study participants with increased 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 the CCD. A strong
correlation was observed between IgE levels to peanut and to
CCDs. CCDs are N-glycans in plants and invertebrate glycopro-
teins 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 ofmi-
nor importance in Ghanaian schoolchildren, as was established in

FIG 3. Inhibition of IgE binding to whole peanut by bromelain and S haematobium SEA by using pooled

sera (n 5 17). The figure shows that IgE binding to whole peanut extract was almost completely inhibited

by bromelain (diamonds) and S haematobium SEA (triangles), respectively.
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a pilot study preceding the present survey. In our study population
we observed that current S haematobium infection was associated
with increased IgE levels to peanut. Moreover, among our subset,
the results of the ImmunoCAP inhibition assays showed that
plant-derived CCDs (bromelain) inhibited IgE binding to peanut
but that a Schistosoma species–derived glycoprotein was a far
more 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
species adult worm glycoproteins were not effective as inhibitors,
indicating the importance of stage-specific N-glycans in this
cross-reactivity. The importance of cross-reactivitymight also ex-
plain the residual effect of the rural area on IgE to peanut, which
was seen after adjusting for current S haematobium infection. Past
infections in subjects 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 increased in 6 children, with 2 having IgE titers of greater

than 70 kU/L. Furthermore, IgE antibodies against Ara h 9 were
biologically active at low allergen concentrations (picogram per
nanogram range), as determined by using BHR assays. The
observation that 4 of 6 subjects with high IgE levels to Ara h 9 had
positive peanut SPT responses 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 CCDs
could contribute to increased IgE levels 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 partic-
ipation 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, as well as the fact that the rural
population is from areas that are endemic for helminth infections,

FIG 4. BHR assay results. BHR induced by peanut extract (solid circles), S haematobium SEA (open trian-
gles), and Ara h 9 (open circles). A and B, Results for 2 subjects with high IgE titers against peanut and

CCD. C and D, Results for 2 subjects with high IgE titers against peanut and Ara h 9 but low IgE titers against

CCDs.
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need to be taken into account when considering the generaliz-
ability of our findings. The absence of a gold standard for peanut
allergy (oral food challenges) is another limitation, but given that
reported adverse reactions to peanut were largely not accompa-
nied 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 of age 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 subjects, the
effect of an older age cutoff 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 demo-
graphic factors and parasitic infections.

Despite these limitations, our study provides new insight into
the nature of peanut sensitization and reported adverse reactions
to peanut in Ghana, a Sub-Saharan African country in which
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 Gha-
naian schoolchildren is rare. Among a subset, we found a role for
N-glycans, particularly related to Schistosoma species, in induc-
ing cross-reactivity, resulting in increased IgE levels 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 be-
hind their development might be essential to the ongoing investi-
gation of immune regulatory mechanisms in an effort to curtail
strong allergic inflammation.
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Clinical implications: Peanut-specific IgE antibodies in Ghana,
a Sub-Saharan African country, show cross-reactivity with clin-
ically irrelevant carbohydrate determinants and therefore
might reduce the diagnostic value of this parameter in establish-
ing peanut allergy.
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METHODS34

Study Overview: EuroPrevall and GLOFAL35

We conducted a cross-sectional investigation that was carried out within the framework of36

the European Union-funded EuroPrevall and Global View of Food Allergy (GLOFAL)37

projects. EuroPrevall was a multi-disciplinary project examining the prevalence, cost and38

basis of food allergy in Europe that ran between June 2005 and December 2009.E139

It involved the collaboration of 17 European Union member states as well as non-European40

partners. E2 The main focus of the project was to explore the patterns and the prevalence of41

food allergies across Europe as well as to improve the diagnosis of food allergy. Within the42

frame of the EuroPrevall Project, the multi-centre GLOFAL initiative was formulated to43

provide insights from developing countries in Africa (Gabon and Ghana) as well as Asia44

(Indonesia). GLOFAL was a collaborative project between researchers in developing45

countries and Europe-based EuroPrevall partners. E3 One of the specific objectives of the46

GLOFAL project was to generate novel insights into the interaction between food47

consumption, the immune system and the development of allergies. It was ultimately48

expected that the identification of risk factors for allergy in rapidly urbanizing countries49

may prevent allergy epidemics in these areas while the identification of protective factors50

may be useful in stemming the allergic march in more industrialized parts of the world. E451

52

53

54

55

56
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Sampling Methodology57

For our investigation, a school-based design was deemed to be the most logistically feasible58

approach. To this end, urban and rural schools were targeted. Of particular interest were59

areas where parasitic infections were known to be prevalent and where no school-based60

mass deworming exercises had been conducted in recent years.61

62

Out of the 10 administrative regions of Ghana, the Greater Accra Region was selected for63

the study. This was in part because the host institute for the research project, the Noguchi64

Memorial Institute for Medical Research was located in this region. In addition, areas65

within the Greater Accra region remain endemic for helminth infections and malaria. In66

2006, the Greater Accra Region, was comprised of 6 districts 2 of which were urban (Accra67

Metropolis and Tema Municipal Area). Out of the 4 remaining largely rural districts, we68

targeted ones where no district-wide school-based mass deworming program had taken69

place in recent years. Therefore, the Ga East and Dangme East districts were selected.70

Within both districts, one sub-district was randomly selected. Lists of all schools in the71

targeted sub-districts were obtained and each school approached about willingness to72

participate in the study.73

74

For our urban schools, we selected one of the two urban districts of the Greater Accra75

Region, the Accra Metropolis. Out of the 6 sub-metros of Accra, two were selected. Within76

the two sub-metros, a list of all private and public schools with an enrollment greater than77

200 that were also located within a 10 km radius of the host institute was generated. All78

schools were approached about willingness to participate in the study. After a school head79
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agreed to participate, meetings were held where details of the study were verbally explained80

to parents with the aid of a powerpoint presentation. These meetings were conducted in the81

appropriate local language and information sheets distributed. Once a parent or guardian82

agreed to enrol their ward(s), signed or thumb-printed individual informed consent forms83

were obtained for each verbally assenting study subject. Schools where study enrolment84

was >30% were included in our analysis.85

86

Selection of Component-Resolved Diagnostics (CRD) Subset87

Having observed that a significant proportion of study participants had elevated IgE to88

peanut without skin prick test reactivity and reported adverse reactions to peanut,89

component resolved diagnostics (CRD) was used to better characterize the following90

groups;91

1. Individuals reporting adverse reactions to peanut92

2. Peanut skin prick test positives93

3. Those with elevated peanut specific IgE94

4. Negative controls95

CRD could only be performed for a maximum of 50 subjects due to budgetary limitations.96

In the database there were 21 subjects reporting adverse reactions. Of these,12 subjects had97

sera samples that were used in the ImmunoCAP analysis. Of the 12 subjects who had sera,98

only 8 had sufficient volumes of sera (≥350 μL) available for CRD analysis.99

100
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Of the 28 subjects in the database who were skin prick test (SPT) positive to peanut, 22 had101

sera samples that were used in the ImmunoCAP analysis. Of these, 15 had sufficient sera102

(≥350 μL) left for CRD parameters.103

104

In the database there were 97 subjects with IgE to peanut that was >1.5 kU/L. This105

threshold was chosen to increase the sensitivity for measuring IgE against individual peanut106

allergens. Of these, 67 had sufficient sera (≥350 μL) and 15 were selected randomly.107

For controls, in the database there were 596 subjects with IgE to peanut <0.05 kU/L who108

reported no symptoms and were peanut SPT negative. Out of these, 489 had sufficient sera109

and from these, 5 individuals were randomly selected. The total in the CRD subset was 43110

subjects. Figure E3 shows a flowchart of children selected for the CRD component of the111

study112

113
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GLOFAL133

Questionnaire for Allergic Diseases134

Multi-Centre Study135
136

Date : __ __/ __ __/ __ __ __ __ Country: GHANA137
138

Name of Interviewer : __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __139
140

Name of Recorder : __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __141
142

A. Child’s details143

1. Name / ID number :__ __ __ __ __ __ __ __ __ __ __ __ __ __/ __ __ __ __ __144
145

2. Date of birth / Age : __ __/ __ __/ __ __ __ __ [ ] year(s)146
147

3. Place of Birth ( including Region): __ __ __ __ __ __ __ __ __ __ __ __ __ _____148
149

[Country IF NOT Ghana]: __ __ __ __ __ __ __ __ __ __ __ __ __ __ ___150
151

4. Ethnicity: __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ _152
153

[Country of Origin IF NOT Ghana]: __ __ __ __ __ __ __ __ __ __ __ __ _154
155

5. Sex : [   ] M [   ] F156
157

6. What is the position of this child in sib-ship? : __ __ __ __  of __ __ __  children158
159

7. School information160
Class : __ __ __ __ __ __ __ __161
Name of school : __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __162

__ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __163
164

8. House information165
House Number : __ __ __ __ __ __ __ __166
Suburb/ Area : __ __ __ __ __ __ __ __167
Telephone : __ __ __ __ __ __ __ __168

169
GPS Readings170
a. Latitude : __ __ __ __ __ __ __ __171
b. Longitude : __ __ __ __ __ __ __ __172
c. Altitude : __ __ __ __ __ __ __ __173

174
9. How far is the school from home (GPS reading)? : __ __ __ __ __ __ __ Km175

176
177
178
179
180
181
182
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183
10. How does the child get to school most of the time?184

[   ] Walk185
[   ] Bicycle186
[   ] Taxi187
[   ] Bus / Trotro188
[   ] Private Car189
[   ] Other, please specify __ __ __ __ __ __ __ __ __ __190

191
B. Socio-economic Status and Environmental Factors.192

193
1. Has the child lived in this town/village since he/she was born? [   ] Yes [   ] No194

195
2. If you answered “no” where has the child lived before and for how long?196

197
Area A In. __ __ __ __ __ __ __ __ __ for__ __ __ month(s) __ __ __ Year(s)198
Area B In. __ __ __ __ __ __ __ __ __ for__ __ __ month(s) __ __ __ Year(s)199
Area C In. __ __ __ __ __ __ __ __ __ for__ __ __ month(s) __ __ __ Year(s)200
Area D In. __ __ __ __ __ __ __ __ __ for__ __ __ month(s) __ __ __ Year(s)201

202
203

3. Who provides financially for this child?204
[   ] Father and Mother205
[   ] Father206
[   ] Mother207
[   ] Other, please specify: __ __ __ __ __ __ __ __ __ __ __ __ __208

209
4. Occupation  of person in question number 3:  __ __ __ __ __ __ __ __ __ __ __210

211
Occupation of the spouse of this person: __ __ __ __ __ __ __ __ __ __ __ __ __212

213
5. The highest level of formal education completed by:214

Person (question number 3)215
[   ] Primary/Elementary    [   ] Middle school    [   ] JSS   [   ] SSS   [   ] O’level216
[   ] A’ level                          [   ] Vocational/ Commercial   [   ] Training College217
[   ] Polytechnic/University218
[   ] Other, please specify __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __219

220
Spouse of this person221
[   ] Primary/Elementary   [   ] Middle school    [   ] JSS   [   ] SSS   [   ] O’ level222
[   ] A’ level                         [   ] Vocational/ Commercial   [   ] Training College223
[   ] Polytechnic/University224
[   ] Other, please specify __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __225

226
6. Who does this child live with (if different from response in question “3” above)?227

[   ] Father and Mother228
[   ] Father229
[   ] Mother230
[   ] Other, please specify: __ __ __ __ __ __ __ __ __ __ __ __ __231

232
7. Occupation  of person in question number 6: __ __ __ __ __ __ __ __ __ __ __233

234
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Occupation of the spouse of this person: __ __ __ __ __ __ __ __ __ __ __ __ __235
8. The highest level of formal education completed by:236

Person (question number 6)237
[ ] Primary/Elementary    [   ] Middle school    [   ] JSS   [   ] SSS   [   ] O’level238
[   ] A’ level                          [   ] Vocational/ Commercial   [   ] Training College239
[   ] Polytechnic/University240
[   ] Other, please specify __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __241

242
Spouse of this person243
[   ] Primary/Elementary    [   ] Middle school    [   ] JSS   [   ] SSS   [   ] O’level244
[   ] A’ level                          [   ] Vocational/ Commercial   [   ] Training College245
[   ] Polytechnic/University246
[   ] Other, please specify __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __247

248
249

9. The house in which the child lives is made primarily of :250
[  ] Cement [  ] Wood [  ] Mud   [  ] Other, please specify __ __ __ __ __251

252
253

10. What is the main source of water supply to the home?254
[   ] Pipe-borne [   ] Tanker (treated) [   ] Tanker (untreated)255
[   ] River/ Stream [   ] Well/ Borehole256
[   ] Other, please specify __ __ __ __ __ __ __ __ __ __ __ __ __257

258
11. What is the type of toilet in the home?259

[ ] Indoor WC [   ] Compound latrine     [   ] Public latrine260
[   ] Other, please specify __ __ __ __ __ __ __261

262
263

12. The fuel mostly used at home for cooking is( tick one):264
[   ] LPG [   ] Electricity [   ] Charcoal [   ] Firewood265
[   ] Kerosene [   ] Other__ __ __ __ __ __ __266

267
268

13. What kind of accommodation does the child live in?269
[   ] Detached house [   ] Semi-detached [   ] Flat270
[   ] Compound house [   ] Other, please specify__ __ __ __ __ __ __ __271

272
273

14. How much money did your family spend on electricity in the past month?274
275

¢ __ __ __ __ __ __ __ __ __276
[   ] Respondent unable to estimate277

278
279

15. How much money did your family spend on food in the past month?280
281

¢ __ __ __ __ __ __ __ __ __282
[   ] Respondent unable to estimate283

284
285
286
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C. ISAAC Core Questionnaires287
288

C1 Core Questionnaire for Wheezing and Asthma289
All questions are about problems which occur when this child DOES NOT have a cold290
or the flu291

292
1. Has this child ever had wheezing or whistling in the chest? [   ] Yes [   ] No293

294
IF YOU HAVE ANSWERED "NO" PLEASE SKIP TO QUESTION 6295

296
2. Has this child had wheezing or whistling in the chest in the past 12 months?297

[   ] Yes [   ] No298
299

IF YOU HAVE ANSWERED "NO" PLEASE SKIP TO QUESTION 6300
301

3. How many attacks of wheezing has this child had in the past 12 months?302
[   ] None303
[   ] 1-3304
[   ] 4-12305
[   ] > 12306

307
4. In the past 12 months how often, on average, has this child’s sleep been disturbed308

due to wheezing?309
[   ] Never woken with wheezing310
[   ] Less than one night per week311
[   ] One or more nights per week312

313
5. In the past 12 months, has wheezing ever been severe enough to limit this child’s314

speech to only one or two words at a time between breaths? [   ] Yes  [   ] No315
316

6. In the past 12 months, has this child’s chest sounded wheezy during or after317
exercise? [   ] Yes  [   ] No318

319
7. In the past 12 months, has this child had a dry cough at night, apart from a cough320

associated with a cold or chest infection? [   ] Yes  [   ] No321
322

8. Has a doctor ever diagnosed your child as having asthma? [   ] Yes  [   ] No323
324

9. If yes to question number 8, what is the name of the medicine(s) the doctor gave325
to your child?326
Medicine(s)  __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __327
[   ] Cannot recall name of medicine328

329
10. Has any member of this child’s family ever had asthma?330

[   ] Yes     [   ]No      [   ] No idea331
11. If you answered “yes” to question 10, indicate relationship to child (tick all that332

apply)333
[   ] Father334
[   ] Mother335
[   ] Brother or Sister336
[   ] Father’s __ __ __ __ __ __ __ __ __ (family member eg. sister, father)337
[   ] Mother’s __ __ __ __ __ __ __ __ __ (family member eg. sister, father)338
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C2 Core Questionnaire for Rhinitis/Hayfever339

All questions are about problems which occur when this child DOES NOT have a cold340
or the flu.341

342
1. Has this child ever had a problem with sneezing or a runny or blocked nose (nose343

problem) without cold or the flu? [   ] Yes  [   ] No344
IF YOU HAVE ANSWERED "NO" PLEASE SKIP TO QUESTION 6345

346
2. Has this child had this nose problem in the past 12 months? [   ] Yes  [   ] No347

348
IF YOU HAVE ANSWERED "NO" PLEASE SKIP TO QUESTION 6349

350
3. In the past 12 months, has this child’s nose problem been associated with itchy-351

watery eyes? [   ] Yes  [   ] No352
4. In which of the past 12 months did this nose problem occur? (please tick any353

which  apply)354
[   ] January [   ] June [   ] November355
[   ] February [   ] July [   ] December356
[   ] March [   ] August [   ] Rainy season357
[   ] April [   ] September [   ] Dry season358
[   ] May [   ] October [   ] Anytime359

[   ] No idea360
361

5. In the past 12 months, how much did this nose problem interfere with this child’s362
daily activities such as school or play?363
[   ] Not at all364
[   ] A little365
[   ] A Moderate366
[   ] A lot367

368
6. Has a doctor ever diagnosed your child as having allergic rhinitis / hay fever?369

[   ] Yes [   ] No370
371

7. If “Yes” to question number 6, what is the name of medicine the doctor gave your372
child?373
Medicine(s) __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __374
[  ] Cannot recall name of medicine375

376
8. Has any member of this child’s family ever had allergic rhinitis / hay fever?377

[   ] Yes     [   ] No      [   ] No idea378
379

9. If you answered “yes” to question 8, indicate relationship to child (tick all that380
apply)381
[   ] Father382
[   ] Mother383
[   ] Brother or Sister384
[   ] Father’s __ __ __ __ __ __ __ __ __ (family member eg. sister, father)385
[   ] Mother’s __ __ __ __ __ __ __ __ __ (family member eg. sister, father)386

387
388
389
390
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C3 Core Questionnaire for Atopic Dermatitis/Eczema391
Show pictures from the “Observer’s protocol for recording signs of visible flexural392
dermatitis” to the respondent393

394
1. Has this child ever had one or more skin problem(s) like in the pictures395

accompanied by an itchy rash which was coming and going for at least 6 months?396
[  ] Yes, Picture number__ __ __ __[   ]No397

398
IF YOU HAVE ANSWERED "NO" PLEASE SKIP TO QUESTION 6399

400
2. Has this child ever had this skin problem (itchy rash) in the last 12 months?401

[   ] Yes [   ] No402
403

IF YOU HAVE ANSWERED "NO" PLEASE SKIP TO QUESTION 6404
405

3. Has this skin problem (itchy rash) at any time affected any of the following406
places:  The folds of this child’s elbows, behind the knees, in front of ankles,407
under the buttocks or around the neck, ears or eyes?408

[   ] Yes [   ] No409
410

4. How often, on average, has this child been kept awake at night by this itchy rash?411
[  ] Never in the past 12 months412
[  ] Less than one night per week413
[  ] One or more nights per week414

415
5. Did this rash clear completely at any time during the past 12 months?416

[   ] Yes [   ] No417
418

6. Has a doctor ever diagnosed your child as having allergic eczema/ atopic419
dermatitis? [   ] Yes [   ] No420

421
7. If yes to question number 5, what is the name of the medicine(s) the doctor gave422

to your child?423
Medicine(s)  __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __424
[  ] Cannot recall name of medicine425

426
8. Has any member of this child’s family ever had allergic eczema/ atopic427

dermatitis? [   ]Yes [   ]No [   ]No idea428
429

9. If you answered “yes” to question 8, indicate relationship to child (tick all that430
apply)431
[   ] Father432
[   ] Mother433
[   ] Brother or Sister434
[   ] Father’s __ __ __ __ __ __ __ __ __ (family member eg. sister, father)435
[   ] Mother’s __ __ __ __ __ __ __ __ __ (family member eg. sister, father)436

437
438
439
440
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D. Health concerns441

442
1. When was the last time this child had any medical treatment?443

[  ] < 1 month ago [  ] 1 to 3 months ago444
[  ] 3 to 6 months ago [  ]> 6 months445

446
2. What was the name of the medicine in ‘1’ and for which condition was it given?447

Medicine1__ __ __ __ __ __ __ __ __ __ Condition1 __ __ __ __ __ __ __ __ __448
449

Medicine2__ __ __ __ __ __ __ __ __ __ Condition2 __ __ __ __ __ __ __ __ __450
451

Medicine3__ __ __ __ __ __ __ __ __ __ Condition3 __ __ __ __ __ __ __ __ __452
453

3. When did this child last have treatment for worm infection?454

455
4. What was the name of the medicine used when this child was last treated for456

worm infection? __ __ __ __ __ __ __ __ __ __ __ __ __457
[  ] Cannot recall name of medicine458

459
5. Is there any smoker in your house [   ]Yes [   ]No460

461
6. If you answered “yes” to question 5, does this person smoke when the child is462

present? [   ]Yes [   ]No463
464
465

7. Is this child exposed to tobacco smoke outside your home?466
[   ] Yes [   ] No [   ] No idea467

468
469

8. Do you use groundnut oil for any other purpose (example as skin ointment)?470
[   ]Yes [   ]No471

472
473
474
475
476
477
478
479
480
481
482
483

[   ] < 1 month ago [   ] 1 to 3 months ago
[   ] 3 to 6 months ago [   ]> 6 months
[   ] No idea
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E. Diet484
485

For this section, please ask the respondent how frequently the child consumes each food item and the cooking method used486
to prepare the food item.487

488
FOOD ITEM FREQUENCY OF CONSUMPTION COOKING METHOD

Staples

Daily 1x weekly (at
least)

1x monthly
(at least)

Every half
year (at least)

Never Boiling/
Steaming

Frying Smoking/
Grilling/
Roasting

Other

Rice [   ] [   ] [ ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _
Cassava [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _
Plantain [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _
Yam [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _
Maize/ Corn [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _
Other [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _
Meat/Protein Source
Cattle (Beef) [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _
Sheep (Mutton) [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _
Goat (Chevron) [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _
Pig (Pork) [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _
Chicken [   ] [   ] [   ] [ ] [   ] [   ] [   ] [   ] __ __ __ __ _
Fish [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _
Other__ __ __ __ __ __  __ [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _
Shellfish (Crab, shrimp etc) [   ] [   ] [   ] [   ] [ ] [   ] [   ] [   ] __ __ __ __ _
Snail [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _
Mushroom [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _
Beans [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _
Eggs [ ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _
Other__ __ __ __ __ __ __ [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _
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FOOD ITEM FREQUENCY OF CONSUMPTION COOKING METHOD
Daily 1x weekly (at

least)
1x monthly
(at least)

Every half
year (at
least)

Never Boilin
g/
Steami
ng

Frying Smoking/
Grilling/
Roasting

Other

Industrially processed oils
Cooking oil (e.g. Frytol,
Palmin)

[   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _

Other__ __ __ __ __ __ __ [   ] [ ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _
Home-made oils
Palm oil [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _
Palm Kernel oil [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _
Coconut Oil [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _
Groundnut oil [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _
Shea Butter [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _
Other__ __ __ __ __ __ __ [   ] [   ] [   ] [   ] [ ] [   ] [   ] [   ] __ __ __ __ _

Evaporated Milk (eg. Ideal) [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _
Powdered Milk ( eg Nido ) [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _
Margarine (e.g. Blue Band) [ ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _
Cheese/Butter (e.g. Even,
Laughing Cow)

[   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _

Ice-cream/ Yoghurt (e.g.
Fanice or FanYogo)

[   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _

Groundnuts/ Peanuts [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _
Pastries (e.g. Cakes, pies, ) [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _
Fresh fruits (e.g., orange) [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _
Fresh vegetables ( e.g.
salads, fresh ground pepper
sauce )

[   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] __ __ __ __ _
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F. Food Allergy489
The following questions are about the child’s reactions to food OTHER than reactions490
caused by food poisoning, illness or a bacterial infection such as cholera etc.491

492
1. Has your child ever had adverse events (reactions) after food intake?493

[   ] Yes [   ] No494
495

If   yes which food? __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __496
__ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __497

498
(Show list in Table F2 if needed)499

500
2. Has the child had any problems eating any other food or foods that not listed501

in Table F2?   If yes please list:502
__ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __503

504
__ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __505

506
IF YOU HAVE ANSWERED "NO" TO QUESTION 1 & 2 PLEASE SKIP TO507
QUESTION 13508

509
3. How old was the child when s/he had the first problem eating this food?510

__ __ __ __ year(s)511
512
513

4. How old was the child when s/he had the most recent problem eating this514
food?515
__ __ __ __ year(s)516

517
518

5. Has the child had this illness or trouble after eating this food?519
[   ] Only once520
[   ] 2-4 times521
[   ] More than 4 times522

523
6. Has the child avoided eating that food since the illness or trouble?524

[   ] Yes [   ] No525
526

7. Did this illness or trouble include any of the following? (please  mark if yes)527
528

Table F1529
Yes No

Itching, tingling or swelling in the mouth, lips or throat
A rash, nettle sting-like rash or itchy skin
Diarrhoea or vomiting (other than food poisoning)
Runny or stuffy nose
Red, sore or running eyes
Difficulty swallowing
Breathlessness
Stiffness in your joints
Fainting or dizziness
Headaches
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8. Has the child had any other symptoms? [   ]Yes [   ]No530
If yes, please describe __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __531

532
9. How long after eating the food did the child start having the first symptom?533

[   ] Minutes [   ] Hours [   ] Days534
535

10. .How long did it last? [   ] Minutes [   ] Hours [   ] Days536
537

11. Did the child receive any treatment? [   ]Yes [   ]No538
539

12. If yes for question number 11, what was the name of medicine given?540
__ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __541

542
13. Have you ever been told by a doctor that the child has a food543

allergy? [   ]Yes [   ]No544
545

14. Say approximately how often the child eats the following foods, and whether or546
not s/he avoids them because they make him/her ill:547

548
549

Table F2550
551

Food Any
Reaction

How often does the child eat this food (in season)
Tick one column only

Does the child avoid this
food because it makes
him/her ill?

Yes No Most
Days

Most
weeks

Most
months

Rarely Never Yes No

Cow’s milk [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]

Hen’s eggs [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]
Fish [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]
Shrimp [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]
Groundnuts [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]
Pineapple [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]
Banana [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]
Apple [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]
Cassava [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]
Soybean [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]
Mango [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]
Pawpaw [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]
Plantain [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]
Coconut [ ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]
Wheat [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]
Sweet potato [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]
Potato [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]
Sorghum [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]
Millet [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]
Carrot [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]
Avocado [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]
Beans [   ] [   ] [ ] [   ] [   ] [   ] [   ] [   ] [   ]
Tomato [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]
Orange [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]

Palm Nut [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]
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Food Any
Reaction

How often does the child eat this food (in season)
Tick one column only

Does the child avoid this
food because it makes
him/her ill?

Yes No Most
Days

Most
weeks

Most
months

Rarely Never Yes No

Corn [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]

Melon [ ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]

Rice [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]

Water Yam [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]

Cocoyam [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]

Kontomire [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]

Okro [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]

Flour [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]

Nutmeg [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]

Other [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ]

552
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G.  Early Life factors553
For the following questions please ask to see the child’s weighing card.554

Is the child’s weighing card available? [   ] Yes [   ] No555

1. Was your child born prematurely?                         [ ] Yes [   ] No556

557

2. If Yes, how many months premature?_________ (in months)558

559

3. What was your child’s weight at birth?________ kg    Date Recorded  ___/___/___560

561

4. After birth, when did your child START breastfeeding:562

[   ] After Hours   [   ] After Days    [   ] After Weeks563

564

5. For how long was your child breast-fed?      Duration________ (in months)565

566

6. For how long was your child fed with ONLY breast-milk? Duration____(in months)567

568

7. What was the first food OTHER than breast-milk given to your child?569

Food_____________________________________ at what age? ______ (in months)570

571

8. Was your child breast-fed by anyone OTHER than his or her mother at any point?572

[   ] Yes [   ] No573

9. What were the reasons that your child was stopped breastfeeding?574

Please state these reasons:575

___________________________________________________________________________576

___________________________________________________________________________577

_____________________________________________________________________578

579

580

581

582

583

584
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10. Did your child receive the following immunizations: (Please Verify with Child’ Immunization585

Record)586

No          Yes       Not Sure587

Oral Polio Vaccine (OPV)
Bacillus Calmette Guérin (BCG)
Diphtheria Pertussis Tetanus (DPT)
Yellow Fever
Measles
Other Immunizations, please state:588
________________________________________________________________________589

590

11. In your child’s first 2 years of life, were you told by a health worker such as a doctor or591

nurse that your child suffered from any of the following? :592

No         Yes    Cannot Recall593
Respiratory infection such as Pneumonia or Bronchiolitis
Bacterial Meningitis
Worm infection
Measles
German Measles (Rubella)
Hepatitis A

594
Other Diseases/Infections, please state:595
________________________________________________________________________596
________________________________________________________________________597
________________________________________________________________________598

599

12. In your child’s first 2 years of life, did he or she attend a crèche or nursery?600

[   ] Yes [   ] No601

602
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Table E1. Characteristics of subset selected for component-resolved diagnostics

R, rural; U, Urban, M, Male; F, Female; +, Positive; -, Negative; SP, Included in the serum pool for the
inhibition assays; SEA, S. haeamatobium soluble egg antigen BHR, Included in BHR assays shown; ND, Not
done

ID Area Age Sex

Reported
Peanut

Reactions
Peanut

SPT

Peanut
SPT

Wheal
Size

(mm)

Specific IgE (kU/L)

In
Serum
Pool?

Individual
Inhibition

by SEA
(%)

BHR
Assay?Peanut CCD Arah1 Arah2 Arah3 Arah9 Phlp12

AB011 R 7 F ND - 0.0 24.90 25.90 0.30 0.44 0.48 0.46 0.43 SP ND ND

AB041 R 9 M - - 0.0 0.01 0.03 0.03 0.05 0.03 0.09 0.06 ND ND ND

AB051 R 10 F + - 0.0 40.20 1.83 0.12 0.18 0.18 72.80 0.29 ND 3.6 BHR

AN052 R 8 F - - 0.0 12.71 10.80 0.15 0.20 0.35 0.26 0.29 SP ND ND

AN068 R 9 M + - 0.0 0.00 0.02 0.01 0.02 0.01 0.01 0.03 ND ND ND

AN084 R 12 F - - 0.0 12.49 12.50 0.20 0.33 0.26 0.30 0.27 SP ND ND

AN102 R 9 F + - 0.0 2.45 2.50 0.11 0.11 0.10 0.25 0.18 ND ND ND

AN115 R 7 M - - 0.0 11.17 9.82 0.23 0.39 0.48 0.40 0.44 SP ND ND

AN132 R 10 M - + 3.5 0.46 0.44 0.04 0.10 0.06 0.21 0.10 ND ND ND

AN142 R 10 M - - 0.0 10.58 17.10 0.14 0.26 0.21 1.80 0.38 SP ND ND

AN143 R 10 F - + 3.5 34.59 38.40 0.48 0.80 0.59 0.67 0.58 SP ND ND

AN190 R 10 M + - 0.0 0.00 0.02 0.00 0.02 0.01 0.03 0.02 ND ND ND

AN218 R 12 M - - 0.0 18.11 25.50 0.19 0.22 0.22 0.33 0.32 SP ND ND

AN220 R 10 F - - 0.0 13.82 15.70 0.18 0.35 0.26 0.46 1.08 SP ND ND

AN228 R 9 M - + 4.5 2.18 1.79 0.08 0.10 0.07 0.20 0.15 ND ND ND

AN248 R 12 M - + 5.0 2.17 2.48 0.11 0.27 0.11 0.27 0.28 ND ND ND

GP001 R 7 M + - 0.0 0.03 0.05 0.03 0.06 0.03 0.09 0.09 ND ND ND

GP031 R 12 F + - 0.0 10.89 9.59 0.07 0.12 0.12 0.10 0.10 SP ND ND

GP074 R 10 M - - 0.0 19.59 16.40 0.27 0.34 0.24 0.34 0.58 SP ND ND

GP094 R 8 M - - 0.0 0.04 0.09 0.05 0.06 0.05 0.26 0.09 ND ND ND

GR063 U 7 M - - 1.8 13.62 0.77 0.60 1.26 0.64 ND 0.66 ND ND ND

GR098 U 9 M ND + 5.0 4.51 1.02 0.08 0.09 0.07 0.10 0.13 ND ND ND

GR101 U 10 M - - 0.0 5.51 5.02 0.05 0.10 0.07 0.06 0.10 SP ND ND

GR104 U 10 F - - 0.0 0.00 0.02 0.01 0.02 0.01 0.00 0.03 ND ND ND

GR145 U 16 M - + 4.0 30.02 27.50 0.46 0.69 0.61 11.5 0.53 SP ND ND

GR211 U 13 F - + 4.0 21.00 4.89 0.05 0.10 0.06 77.4 0.13 ND 9.2 BHR

GR280 U 13 M - + 4.5 0.99 1.23 0.06 0.08 0.07 0.13 0.08 ND ND ND

IP161 U 12 F - - 0.0 1.58 1.27 0.08 0.10 0.07 0.11 0.16 ND ND ND

IP183 U 14 F ND + 6.5 9.28 8.53 0.31 0.58 0.67 0.61 0.47 SP ND ND

IP211 U 15 M - + 3.0 1.20 1.36 0.07 0.12 0.11 0.11 0.12 ND ND ND

IP241 U 6 M - - 0.0 0.01 0.47 0.01 0.02 0.01 0.01 0.03 ND ND ND

IP245 U 13 F + - 0.0 0.94 0.97 0.14 0.19 0.18 0.18 0.33 ND ND ND

KD023 R 10 M - - 0.0 7.81 4.56 0.38 0.44 1.13 0.46 0.71 ND ND ND

KD065 R 11 F - - 0.0 29.92 29.70 0.82 1.19 1.01 0.79 1.08 SP ND BHR

KD068 R 10 M - - 0.0 20.60 20.40 0.09 0.14 0.11 0.26 0.22 SP ND ND

KD110 R 12 F - - 0.0 0.00 0.02 0.01 0.02 0.01 0.00 0.03 ND ND ND

KD126 R 12 M - - 0.0 64.28 78.30 0.84 1.22 1.01 0.72 1.04 SP ND BHR

KD138 R 12 M - + 3.0 13.14 11.80 0.32 1.13 0.38 0.71 0.42 SP ND ND

NB049 U 7 F ND + 3.5 2.24 0.10 0.08 0.11 0.07 4.8 0.16 ND ND ND

NB071 U 13 M - + 3.5 0.52 0.68 0.09 0.10 0.08 0.15 0.19 ND ND ND

PA058 R 12 M - + 3.5 3.72 0.13 0.03 0.04 0.04 9.43 0.09 ND ND ND

TP095 R 10 M + - 0.0 0.01 0.03 0.01 0.02 0.02 0.06 0.04 ND ND ND

TP116 R 12 F - + 3.0 4.67 2.86 0.06 0.09 0.07 0.06 0.08 ND 83.1 ND
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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 spp* (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 spp = Plasmodium falciparum or Plasmodium malariae
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Table E3 Characteristics of subjects reporting adverse reactions with peanut component-resolved diagnostics information

R, rural; U, Urban, M, Male; F, Female; +, Positive; -, Negative; ND, Not done/ No information provided

Reported Symptoms
I, Itching, tingling or swelling in the mouth, lips or throat S, Difficulty swallowing
R, A rash, nettle sting-like rash or itchy skin D, Diarrhoea or vomiting (other than food poisoning)
N, Runny or stuffy nose E, Red, sore or running eyes
B, Breathlessness J, Stiffness in your joints
F, Fainting or dizziness H, Headaches

ID Area Age Sex Reported Peanut Reactions Peanut
SPT

Peanut SPT
Wheal Size

(mm)

Specific IgE (kU/L)

Reaction Time Symptoms Peanut CCD Ara h 1 Ara h 2 Ara h 3 Ara h 9 Phlp12

AB051 R 10 F Hours H - 0.0 40.20 1.83 0.12 0.18 0.18 72.80 0.29
AN068 R 9 M ND D - 0.0 0.00 0.02 0.01 0.02 0.01 0.01 0.03
AN102 R 9 F Hours I, F, H - 0.0 2.45 2.50 0.11 0.11 0.10 0.25 0.18
AN114 R 10 F Hours D - 0.0 ND ND ND ND ND ND ND
AN190 R 10 M Hours I, S, D, J, H - 0.0 0.00 0.02 0.00 0.02 0.01 0.03 0.02
AN193 R 9 M Hours D - 0.0 ND ND ND ND ND ND ND
AN224 R 6 F Minutes D + 5.0 ND ND ND ND ND ND ND
AN227 R 7 M Days D - 0.0 ND ND ND ND ND ND ND
AN242 R 9 F Days D - 0.0 ND ND ND ND ND ND ND
GP001 R 7 M Hours D - 0.0 0.03 0.05 0.03 0.06 0.03 0.09 0.09
GP031 R 12 F Hours D - 0.0 10.9 9.59 0.07 0.12 0.12 0.1 0.10
GR189 U 11 M Hours I, N, - 0.0 0.00 ND ND ND ND ND ND
IP239 U 15 F Minutes I ND ND ND ND ND ND ND ND ND
IP245 U 13 F Hours I, N, E, B, J, H - 0.0 0.94 0.97 0.14 0.19 0.18 0.18 0.33

KD041 R 10 F Hours E, S, B, F, H - 0.0 ND ND ND ND ND ND ND
KD132 R 11 F ND ND - 0.0 ND ND ND ND ND ND ND
KD167 R 12 M Minutes D - ND ND ND ND ND ND ND ND
PA095 R 14 F Minutes D - 0.0 0.07 ND ND ND ND ND ND
TP043 R 8 F Hours D, F, H - 0.0 0.26 ND ND ND ND ND ND
TP095 R 10 M ND I, D - 0.0 0.01 0.03 0.01 0.02 0.02 0.06 0.04
TP128 R 11 F Hours I, S, D, N, E, J, H - 0.0 0.02 ND ND ND ND ND ND
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Table E4. Peanut consumption, preparation methods and associations with peanut sensitization (IgE and SPT) and reported adverse
reactions to peanut

Peanut specific IgE models adjusted for age, sex, area and S. haematobium infection.
Peanut SPT models adjusted for age, sex, area and peanut specific IgE.
Reported Peanut Reaction models adjusted for age, sex and area
---- Regression model does not generate estimates

Factors Peanut Specific IgE
(> 0.35ku/l vs. <0.35ku/L)

Peanut SPT Positive (+ vs -) Reported Adverse Reactions to
Peanut (Yes vs. No)

Adjusted OR
(95%CI)

Wald's Test
P-value

Adjusted OR
(95% CI)

Wald's Test
P-value

Adjusted OR
(95% CI)

Wald's Test
P-value

Peanut
Consumption
Frequency

Daily (yes vs. no) 1.06 (0.73 – 1.53) 0.758 0.36 (0.09 – 1.40) 0.142 1.06 (0.41 – 2.70) 0.908

Weekly (yes vs. no) 0.95 (0.68 – 1.32) 0.761 2.81 (0.94 – 8.40) 0.065 0.53 (0.22 – 1.30) 0.166

Monthly (yes vs. no) 0.91 (0.55 – 1.52) 0.729 0.79 (0.17 – 3.78) 0.769 0.43 (0.06 – 3.32) 0.421

Never (yes vs. no) 1.07 (0.41 – 2.83) 0.884 ---- --- 5.40 (1.47 – 19.80) 0.011

Peanut
Preparation
Methods

Raw (yes vs. no) 0.74 (0.09 – 5.88) 0.778 5.57 (0.56 – 55.57) 0.144 17.14 (2.93 – 100.45) 0.002

Boiling ONLY (yes vs. no) 1.18 (0.55 – 2.54) 0.677 1.14 (0.13 – 9.80) 0.905 ---- ----

Frying ONLY (yes vs. no) 0.26 (0.03 – 2.05) 0.201 17.54 (1.57 – 196.33) 0.020 2.67 (0.34 – 21.29) 0.353

Roasting ONLY (yes vs. no) 0.90 (0.57 – 1.41) 0.644 2.02 (0.48 – 8.45) 0.336 1.04 (0.37 – 2.82) 0.931

Peanut oil (yes vs. no) 0.88 (0.27 – 2.85) 0.830 ---- ---- ---- ----
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FIGURE LEGEND

Figure E1. Study map of the Greater Accra Region of Ghana with study sites and numbers of

enrolled participants shown

Figure E2. Flowchart of children recruited from the rural and urban study areas. Number of

subjects with complete data for allergy parameters, n=1004. Number of subjects with

complete data for all parameters, n = 877. * Excluded participants: 59 enrolled subjects were

unavailable for data collection and 51 were outside of the age-range.

Figure E3. Flowchart of children selected for the component-resolved diagnostics (CRD)

component of the study
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