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for the different foods, ranging from 0 to 100% in cases, and 
from 0 to 25% among controls. High IgE levels for a food item 
significantly increased the risk of SPT positivity to any food 
item in the urban, but not in the rural, schoolchildren.  Con-

clusions:  Specific foods were identified to be allergenic in 
Ghana. We show a good association between SPT and sIgE in 
urban, but not in rural, schoolchildren. However, there was
no clear association between reported adverse reactions to 
food and SPT or sIgE.  Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Adverse reactions to foods are caused by several dif-
ferent mechanisms which could be metabolic, toxicolog-
ical, or immunological in nature, or they are due to mi-
crobial contamination of the food. Food allergy is medi-
ated by immunological mechanisms including IgE-
mediated hypersensitive reactions to ingested food. The 
adverse reactions involved in classical IgE-mediated food 
allergy range from mild irritation to more severe life-
threatening reactions involving the cutaneous, gastroin-
testinal, respiratory and cardio-vascular systems. Unlike 
other adverse reactions to foods, food allergies are re-
stricted to individuals who have previously been sensi-

 Key Words 

 Food allergy  �  Immunoglobulin E  �  Schoolchildren  �  Skin 
prick test  �  Africa 

 Abstract 

  Background:  Epidemiological data on food allergy are scarce 
in African countries. We studied the prevalence of food sen-
sitization in Ghanaian schoolchildren.  Methods:  Children (5–
16 years; n = 1,714) from 9 Ghanaian schools were given pa-
rental consent to participate in the study. Adverse reactions 
and food consumption were determined by a questionnaire 
and atopy by skin prick testing (SPT) to peanut and 6 fruits. 
Subjects with positive SPTs were considered cases (n = 43) 
and matched with at least 1 control (n = 84), using age, sex, 
and school as matching criteria. Serum samples from case-
control sets were analyzed for specific IgE (sIgE) to foods that 
elicited a positive SPT response in cases.  Results:  Overall, 11% 
of 1,407 children reported adverse reactions to foods, and 5% 
of 1,431 children showed a positive SPT reaction mostly di-
rected against peanut and pineapple (both 2%). Although 
there was a positive association between adverse reactions 
and SPT responses to any food allergen in the urban children 
(adjusted OR = 3.6, 95% CI 1.2–10.8), most of the reported ad-
verse reactions were not in children showing an SPT reaction 
to the specific food item. sIgE sensitization was very variable 
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tized. Susceptibility to food allergy is thought to result 
from a combination of a genetic predisposition to allergic 
sensitization and exposure to food allergens  [1, 2] . 

  Food allergies are an increasing public health concern 
with a reported prevalence of up to 8% in young children 
and of 3–4% in adults in the US, UK, and Europe  [3–6] . 
In 2008, Venter et al.  [7]  found the cumulative incidence 
of food hypersensitivity in 3-year-olds to be 6%; accord-
ing to the authors, this indicated that the incidence of 
food allergy had not changed much since the study by 
Bock et al.  [8]  in 1987. However, earlier reports  [9, 10]  had 
indicated an increase in the prevalence of peanut allergy. 

  Compared with other forms of allergy, such as allergy 
to aeroallergens, food allergy has been less extensively 
studied and is thus less understood. A 2004 study by Iso-
lauri et al.  [11]  demonstrated that sensitization to dietary 
allergens had not followed the same consistent increase 
observed with sensitization to aeroallergens over several 
decades. Knowledge from studies on aeroallergens cannot 
always be applied to food allergens due to the different 
exposure and priming routes. Also, the reported preva-
lence and incidence of food allergy varies widely between 
locations and between assessment methods. Several stud-
ies rely on questionnaire data to assess the prevalence of 
food allergy  [12, 13] . However, this would often include 
reports of other adverse reactions besides food allergy be-
cause questionnaire data are more sensitive to cultural 
and biased perceptions on allergy. In 2002, Woods et al. 
 [14]  showed that reported adverse reactions to food were 
an overestimation of food allergy as determined by objec-
tive methods like skin prick testing (SPT). A 2004 study 
by Roehr et al.  [15]  showed that the prevalence of reported 
perceived allergic symptoms to food was 38.4% compared 
to 4.2% confirmed clinically by blinded and controlled 
oral food challenges. This trend has also been observed in 
a number of other studies  [7, 16] .

  Even when objective parameters are measured, esti-
mation of food allergies is difficult. Individuals with el-
evated food allergen specific IgE (sIgE) antibodies do not 
always show clinical symptoms of food allergy or skin test 
reactivity. This has been partly explained by the cross-
reactivity between airborne allergens and food allergens 
 [17] . A recent study reported that sensitization to wheat 
and soy in school-aged children was mostly secondarily 
due to pollen sensitization  [18] . In addition, while quan-
titative measurements of IgE antibodies to some foods 
like milk and eggs have been found to be useful for the 
evaluation of food hypersensitivity, they have shown lim-
ited value for others like wheat and soybeans  [19, 20] . The 
double-blind placebo-controlled food challenge (DBP-

CFC) is the gold standard for determining food allergy. 
However, it can only be performed in a proper clinical 
setting under expert supervision and is therefore difficult 
to apply in epidemiological studies, especially when ex-
perience with DBPCFC is limited or even absent. The ap-
parent complexity of the mechanisms which underlie 
food allergy development further complicates the study 
of food allergy. In terms of studying the risk factors that 
govern the development of food allergy, several dietary 
factors in early childhood have been suggested to play a 
role, including the duration of exclusive breastfeeding 
and the age at which the infant is introduced to formula 
milk and complementary solid foods. However the re-
sults have been inconclusive  [21–23] .

  These limitations of the study of food allergy are par-
ticularly evident with regard to the absence of informa-
tion from low-income countries, particularly in Sub-Sa-
haran Africa. Few studies on immigrant subjects suggest 
that food allergy is not exclusive to natives of countries in 
the northern hemisphere. A particular example is a study 
comparing food intolerances and allergies between na-
tive Italian children and immigrant children from Afri-
ca, which showed that adverse food reactions were also a 
problem in immigrant African children  [24] . Dias et al. 
 [25]  studied food allergy among Caucasian and non-Cau-
casian children (including Blacks, Asians, and children of 
mixed race) presenting at an allergy clinic. They found 
that the non-Caucasian children had a lower mean age at 
which the first food-allergic reaction occurred, had a 
higher average number of food allergens per child, and 
constituted the greater proportion of patients at the al-
lergy clinic when compared to the general pediatric clin-
ic. Taken together, these results highlight the need for 
more studies within Africa and in other parts of the world 
where food allergy studies are limited. 

  We examined the extent of reactivity to a set of food 
allergens in a population of schoolchildren in Ghana, 
West Africa. Furthermore, we studied the reported symp-
toms of food allergy, the serum levels of food sIgE, and 
the relationship with skin test reactivity. We also ex-
plored how early life factors, socioeconomic status (SES), 
helminth infections, and allergy to aeroallergens are re-
lated to having a positive skin reaction to food allergens.

  Methods 

 Study Design 
 We conducted a matched case-control analysis on sensitiza-

tion to food allergens within a cross-sectional study of allergic 
disorders in Ghana. The relationship between SPT using fresh 
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foods and sIgE sensitization to those same foods, eating patterns, 
and reported adverse reactions to foods were examined in this 
subpopulation. The study was approved by the Institutional Re-
view Board of the Noguchi Memorial Institute for Medical Re-
search, Ghana. Written or verbal parental consent confirmed by 
a signature or thumbprint were obtained for each child before we 
commenced with the study.

  Study Area and Subjects 
 This was a cross-sectional study to assess the problem of food 

allergy in Ghana. It was conducted in the Greater Accra Region 
of Ghana between longitudes 000.35377° W and 000.42752° E and 
latitudes 005.72647° N and 005.53550° S. The study period was 
from March 2006 to March 2008. The study participants, aged 
between 5 and 16 years, were recruited from 3 urban and 6 rural 
schools which had been invited to take part in the study and had 
agreed. These included rural schools in Pantang (in the Ga dis-
trict) and in Anyamam, Goi, Toflokpo, Agbedrafor, and Koluedor 
in the Dangme East district. The main income-generating activi-
ties in these rural areas are farming and fishing. The urban 
schools were located in the capital, Accra, in the suburbs of Ma-
dina and Achimota. Generally, activities in the urban area are 
more diverse and reported occupations vary from vocations like 
dressmaking and hairdressing, through teaching, to highly spe-
cialized jobs such as lawyers and medical doctors. Participation 
rates were not different between urban and rural areas (36.4 and 
34.7%, respectively).

  Skin Prick Test 
 Skin test reactivity to allergens was tested using the standard 

protocol  [26] . Allergens included a commercial preparation of 
peanut (ALK-Abello, Hørsholm, Denmark), as well as  fresh apple, 
banana, mango, orange, pawpaw, and pineapple from the local 
market for prick-to-prick testing  [26] . These foods were selected 
based on availability and because they required no preparation 
before consumption. The allergen milk was not included since it 
is expensive in Ghana and only constitutes a small component of 
the Ghanaian diet. Soy is mostly used in infant-weaning foods 
which did not fall into our age range, while shellfish is also eaten 
in small quantities. Histamine chloride (10 mg/ml) (ALK-Abello) 
was used as the positive control and the allergen diluent as the 
negative control (ALK-Abello). SPT were conducted on the volar 
side of the lower arm (avoiding the flexural and wrist areas) of the 
subjects using 1-mm standardized lancets. A skin reaction was 
considered positive when the average of the longest wheal diam-
eter (D1) and its perpendicular length (D2) was  6 3 mm  [27]  for 
the test allergen and histamine and that to the negative control 
was  ! 3 mm. Atopy was defined as a positive reaction to any of the 
food allergens tested. 

  Definition of Cases and Controls 
 Cases were defined as subjects who were SPT-positive to any 

of the tested foods. Subjects who showed a negative response to 
the histamine-positive control (average wheal diameter  ! 3 mm) 
were excluded. Each case was matched with at least 1 control of 
the same sex and age ( 8 1 year) from the same school. Controls 
were negative to all food allergens tested, with a diameter of 0 mm 
(complete absence of a wheal). Of the 71 atopic subjects in the 
cross-sectional population, 43 could be matched for age, sex, and 
school with at least 1 control based on the availability of blood 

samples for IgE determination. Thirty-eight cases were success-
fully matched with 2 controls each, 4 cases were matched with 
single controls, and 1 case with 4 controls. 

  Questionnaire 
 We administered a questionnaire based on ISAAC II (see on-

line suppl. material, www.karger.com/doi/10.1159/000318704) to 
the parents or guardians of the subjects to gather the demograph-
ic and socioeconomic characteristics of our study population, es-
tablish the risk factors associated with the development of various 
allergic orders, and investigate the reported symptoms of these 
allergic disorders. The questionnaire also included questions 
from the EUROPREVALL study on the symptoms of adverse re-
actions to food (www.europrevall.org). The questionnaire was ad-
ministered to the study participants by trained interviewers that 
were fluent in the local language of the participants. It included 
questions on early-life factors like breastfeeding duration, prema-
ture birth, birth weight, and day care attendance in the first 2 
years of life, as well as daily and weekly food consumption pat-
terns, observed adverse reactions to foods, and the amount of 
money spent monthly on food. 

  Food Allergen sIgE 
 Food allergen sIgE antibodies against apple, banana, mango, 

orange, pawpaw, peanut, and pineapple were determined using 
ImmunoCAP TM  (Phadia AB, Uppsala, Sweden) on serum samples 
from cases and controls. Antibody levels  6 0.35 kU/l were consid-
ered positive for allergic sensitization. In cases with multiple pos-
itive skin test reactions, sIgE for the different foods eliciting the 
responses was expressed as the total mean IgE per subject for com-
parison with cases with a single SPT response.

  Parasitological Examinations 
 Each subject provided 1 stool sample for the determination of 

the presence of intestinal helminth eggs using the Kato-Katz tech-
nique  [28]  with 25 mg of stool. The urine filtration method  [29]  
was employed on single 10-ml urine samples from each subject to 
detect  Schistosoma haematobium  (urinary schistosomiasis) eggs. 
Urine samples were filtered using a nylon nucleopore filter (pore 
size 12  � m) in a swing-lock filtration device (Nucleopore, USA), 
and specimen slides were read by microscopy.

  Statistical Analysis 
 All data was entered into a Microsoft Access 2003 database. 

Analyses were performed using SPSS version 14.0 software while 
graphs were generated with Excel 2003 and GraphPad Prism ver-
sion 5. The descriptive data are presented as frequencies, percent-
ages, medians, and ranges. To test for significant associations be-
tween the measured variables and being a case, conditional logis-
tic regression was performed using the Cox regression analysis 
option in SPSS. To ensure that the results of the adjusted condi-
tional logistic regression were not erroneous due to colinearity, we 
checked the correlation between the covariates and put them in 
the model only if the coefficient of correlation was less than 80% 
and if the measures of tolerance and the variance inflation factor 
did not indicate colinearity. We displayed the relative risk esti-
mate as odds ratios (ORs) with 95% confidence intervals. Non-
parametric tests were used to explore differences in sIgE levels 
among cases and controls because IgE data were not normally 
distributed.
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  Results 

 Prevalence of Food Allergy in the Cross-Sectional 
Survey 
 The total number of participants with parental con-

sent was 1,714. The prevalence of reported adverse reac-
tions assessed by the questionnaire in 1,407 subjects was 
11.0% in the total sample, 13.2% (of 897) in rural children, 
and significantly lower in urban children, i.e. 7.6% (of 
510); p = 0.004. However, reported reactions to pineapple 
and kontomire (cocoyam leaves) opposed this general 
trend and were significantly higher in urban children, i.e. 
p  !  0.01. The relevant food items to which adverse reac-
tions were reported are given in  figure 1 a. The nature of 
the adverse reactions is summarized in  figure 1 b, with 
diarrhea and vomiting being the most frequent symp-
toms of adverse reactions in general. While symptoms 
involving tingling or swelling of the mouth, lips, and 
throat were significantly more frequent in urban subjects, 
all other symptoms reported were more frequent in rural 
subjects.

  Skin reactivity to the 7 food allergens is presented in 
 table  1  as specific prevalence per food allergen and as 
overall sensitization to food. The specific foods which 
elicited the highest frequencies of skin reactivity were 
peanut (2.0%) and pineapple (2.0%). Banana and apple 
elicited very few positive reactions (0.4 and 0.3%, respec-
tively) ( table 1 ). A total of 71 subjects showed a positive 
skin reaction to any food allergen; 52 (73.2%) of these sub-
jects were sensitized to single foods only. Among rural 
children, 4.4% had a positive SPT reaction to a food al-
lergen compared to a prevalence of 5.9% among urban 
children. Furthermore, the proportion with multiple 

SPT-positive results was 1.1 and 1.7% in rural and urban 
children, respectively, and the differences between rural 
and urban subjects were not statistically significant.

  Pineapple and peanut ranked second and third (after 
beans) as foods to which adverse reactions were reported, 
and they induced the most positive SPT of all foods test-
ed. A positive SPT response to any of the foods tested was 
positively associated with having a reported adverse re-
sponse to any food (adjusted OR = 2.0, 95% CI 1.0–3.9) 
but this association was significant only in the urban sub-
jects (adjusted OR = 3.6, 95% CI 1.2–10.8) ( table 2 ). For 
the specific food items, 4 out of 25 urban children (16.0%) 
with a positive SPT response to food had an adverse reac-
tion to the specific food item, whereas this was only true 
for 2.9% in the rural children (1 out of 34). This differ-
ence, however, was not statistically significant.

   Table 3  shows the daily consumption of the foods that 
were tested in the SPT for the urban and rural children, 
separately. Consumption of orange, peanut, and banana 
was the most prevalent among all children (above 25%). 

Table 1.  Cross-sectional prevalence of food allergy by SPT

Food Rural
(n = 906)

Urban
(n = 525)

Total
(n = 1,431)

Peanut 18 (2) 11 (2.1) 29 (2.0)
Pineapple 16 (1.8) 12 (2.3) 28 (2.0)
Pawpaw 7 (0.8) 8 (1.5) 15 (1.0)
Orange 8 (0.9) 6 (1.1) 14 (1.0)
Mango 4 (0.4) 7 (1.3) 11 (0.8)
Banana* 1 (0.1) 5 (1.0) 6 (0.4)
Apple 2 (0.2) 2 (0.4) 4 (0.3)
Multiple foods 10 (1.1) 9 (1.7) 19 (1.3)
Any food 40 (4.4) 31 (5.9) 71 (5)

*  p < 0.05 for the difference in prevalence between rural and urban subjects. Values are presented as n (%).

  Fig. 1.   a  Cross-sectional prevalence of reported adverse food reac-
tions (n = 1,407) to specific foods in all children or in rural and 
urban subjects. Peanut, urban/rural: p  !  0.10, cassava, urban/ru-
ral: p  !  0.05, pineapple and kontomine, urban/rural: p  !  0.01.
 b  Cross-sectional prevalence of symptoms of reported adverse 
food reactions in all children, and in rural and urban subjects. 
 1  Swelling of the mouth, lips, or throat.  2  Itching of the skin includ-
ing nettle sting-like rash. Runny/stuffy nose, stiffness in joints 
and fainting/dizziness, urban/rural: p  !  0.10, rash/itch and dif-
ficulty swallowing, urban/rural: p  !  0.05, tingling/swelling, head-
ache and red/sore/runny eyes, urban/rural: p  !  0.01, diarrhoea/
vomiting, urban/rural: p  !  0.001.  
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With the exception of apple, all the other tested foods 
were more widely eaten among rural children than among 
urban children.

  Measures of Atopy in Cases and Controls 
 We looked for at least 1 matched control subject for 

each case, based on age, sex, school, and the presence of 
data for sIgE. This resulted in 43 cases and 84 controls. In 
 figure 2 , we show that sIgE antibody levels were gener-
ally higher in cases than in controls. Moreover, while cas-
es had up to 100% IgE sensitization (orange), the maxi-
mum proportion of sensitized subjects observed in con-
trols was 25% (orange and banana). Apple was an 
exception, with none of the cases being sensitized. Gener-
ally, 72% of cases had positive sIgE responses to the spe-

cific food they reacted to in the SPT, compared to 16% of 
controls. This is reflected in an increased overall risk of 
having a positive SPT with an OR of 2.3 (95% CI 1.3–4.1) 
per unit increase (kU/ml) in an sIgE level (OR adjusted 
for age, histamine wheal size, and skin reactivity to the 
aeroallergens cockroach and mite).

  In  table 4  we show that cases who had multiple posi-
tive SPT responses (multiatopics) had significantly 
higher median levels of food sIgE when compared with 
cases with single responses (p = 0.012, Mann-Whitney 
U test). All multiatopics were sIgE-sensitized above the 
0.35 kU/l cutoff to at least 1 of the relevant food items, 
compared to the single atopic cases with 61.3% sIgE sen-
sitization (p  ̂   0.02,  �  2  test). The single atopic cases 
without sIgE sensitization were not different in age, gen-

Table 2.  Associations between SPT and reported adverse reactions to foods in a cross-sectional survey

Area (n) Any
food
SPT

Adverse reactions (%)  Adjusted ORs (95% CI)

no yes

Rural (813) – 679 (96.0) 100 (94.3) 1
+ 28 (4.0) 6 (5.7) 1.5 (0.6–3.9)

Urban (409) – 356 (94.7) 28 (84.8) 1
+ 20 (5.3) 5 (15.2) 3.6 (1.2–10.8)

Total (1,222) – 1,035 (95.6) 128 (92.1) 1
 + 48 (4.4) 11 (7.9) 2.0 (1.0–3.9)*

Adj usted ORs are corrected for age, sex, and school. ORs with p < 0.05 are bold. * p < 0.10.

Table 3.  Daily consumption of the 7 food items tested in the SPT

 Rural Urban Total

Orange 511 (57.3) 257 (50.7) 768 (54.9)
892 507 1,399

Pawpaw 130 (14.6) 30 (6.0) 160 (11.5)
893 497 1,390

Mango 297 (33.3) 82 (16.5) 379 (27.3)
892 498 1,390

Peanut 413 (46.3) 62 (12.2) 475 (34.0)
892 507 1,399

Apple 13 (1.5) 34 (6.7) 47 (3.4)
894 505 1,399

Banana 318 (35.6) 119 (23.5) 437 (31.2)
894 506 1,400

Pineapple 149 (16.7) 49 (9.8) 198 (14.2)
 894 500 1,394

D aily consumption refers to consumption on ‘most days’. Values are presented as n (%) and total count.
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der, wheal size per allergen, rural or urban location, or 
helminth infection compared to those with elevated 
sIgE levels.

  Examining the possible differences between urban 
and rural children, we observed that controls from rural 
schools had a higher proportion of sIgE sensitization 
(24%) compared to controls from urban schools (8.5%), 
and they had significantly higher median levels of sIgE 
( table 4 ). As a result, the odds of being a case predicted by 
the level of sIgE was much greater in the urban subjects 
(crude OR = 16.9, 95% CI 1.4–167.7) compared to rural 
subjects (crude OR = 3.4, 95% CI 1.0–11.0). Since hel-
minth infections are associated with high IgE levels, we 
evaluated whether the higher levels of sIgE in the rural 
children were due to current helminth infections. How-
ever, the difference in sIgE levels between urban and rural 
children could not be explained by the  presence of de-
tectable helminth infections mainly in the rural children.

  Regarding adverse food reactions, cases reported a 
higher prevalence (20%) compared to controls (9%), 
though this did not reach statistical significance in the 
matched analysis. The frequency of adverse reactions 
varied from a 1-time event to a frequency of over 4 times. 
The 3 subjects with frequencies over 4 times were all cas-
es (8.6% of 35), compared to none of the 67 controls.

  It is difficult to assess the prevalence of a positive SPT 
in the subjects with a claimed adverse response since we 

only tested 7 potential food allergens in the SPT. How-
ever, if we only consider the subjects with an adverse re-
action to any of the food items that were tested in SPT, 
there were 11 out of 153 subjects (7.2%) with a positive 
SPT.

  Very few children with a positive IgE response also 
presented adverse symptoms related to the specific food 
item. Only 3 out of 102 children for which both IgE and 
questionnaire data were available had adverse symptoms 
to the food to which they had a positive IgE titer (1 for 
pawpaw and 2 for pineapple).

  Lifestyle Factors and SPT Reactivity to Food Allergens 
  Table 5  shows the effect of questionnaire-derived food 

consumption variables on the outcome of being a case. 
Although reported daily eating patterns were similar be-
tween cases and controls for most foods, we saw a sig-
nificantly higher proportion of daily consumption of ice 
cream or yoghurt among cases (crude OR 4.2, 95% CI 
1.1–15.6, p = 0.04). The same tendency was observed for 
daily rice consumption, though this did not reach statisti-
cal significance. The daily consumption of palm oil, on 
the other hand, was significantly lower among cases 
(crude OR 0.3, 95% CI 0.1–0.9, p = 0.04). None of the ques-
tionnaire-derived variables was independently associat-
ed with being a case after mutual adjustment. 
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  Fig. 2.  Median food sIgE antibody levels in cases and controls per food item. Cases (closed symbols) had higher 
sIgE levels than did matched controls (open symbols).  *  p  !  0.01 and  *  *  p  !  0.05 by  �  2  analysis.  #  0.35 kU cutoff 
for IgE sensitization. 
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  The following reported early-life factors were not as-
sociated with being a case: premature birth, duration of 
exclusive breastfeeding, crèche or nursery attendance in 
the first 2 years of life, or the family’s monthly expendi-
ture on food. The body mass index (a surrogate for nutri-
tional status) and current parasitic infections with ma-
laria or helminths (hookworm,  Ascaris ,  Trichuris  or  S. 
haematobium ) were not associated with being a case. 
These results are shown in online supplementary table S1.

  Discussion 

 We assessed, for the first time in West Africa, the 
prevalence of allergic sensitization to local food allergens 
in children and how this relates to reported adverse reac-
tions to foods in a school-based study. In contrast to the 
difference in prevalence between urban (with a higher 
prevalence of mite SPT in children from private schools) 
and rural (with a higher prevalence of cockroach SPT) 

Table 4.  Specific IgE sensitization ≥0.35 kU/l in controls and cases

n sIgE ≥0.35 kU/l
n (%)

Median sIgE kU/l
(range)

p  value

�2  test1 MWU/KW 
test2

Positive SPT
Controls (none) 84 13 (15.5) 0.05 (0–6.03)
Cases with:

at least 1 43 31 (72.1) 2.04 (0.01–66.45)
single 31 19 (61.3) 1.11 (0.01–52.00) 0.02 0.012
multiple 12 12 (100) 6.38 (0.56–66.45)

Rural/urban category
Controls in:      

urban areas 47 4 (8.5) 0.03 (0–2.69) 0.07 0.002
rural areas 37 9 (24.3) 0.09 (0.01–6.03)

Cases in:
urban areas 24 18 (75) 1.87 (0.01–66.45) 0.63 0.74
rural areas 19 13 (68.4) 2.48 (0.01–30.05)

MWU /KW = Mann-Whitney U/Kruskal-Wallis.
1 Test for the proportion of sIgE sensitization.
2 Test for IgE levels between single and multiple SPT cases and between urban and rural subjects in cases 

and controls.

Table 5.  Associations of daily food habits with a positive SPT for food

 Controls Cases Crude OR
(95% CI)

Adjusted ORs
(95% CI)

Eating habit factors n = 89 56 33   
Daily consumption of dairy products1 – 49 (87.5%) 24 (72.7%) 1 1

+ 7 (12.5%) 9 (27.3) 4.2 (1.1–15.6) 3.8 (0.9–16.3)*
Daily consumption of rice – 28 (50%) 10 (30.2%) 1 1

+ 28 (50%) 23 (69.7%) 2.5 (0.9–6.5) 1.8 (0.6–5.1)
Daily consumption of palm oil – 30 (53.6%) 26 (78.8%) 1 1
 + 26 (46.4%) 7 (21.1%) 0.3 (0.1–0.9) 0.3 (0.1–1.0)*

T he adjusted ORs are corrected for age and all other variables. ORs with p < 0.05 are bold. * p < 0.10.
1 Specifically, ice cream or yoghurt.
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children that we observed in this population (Obeng et 
al., manuscript in preparation), the prevalence of a posi-
tive SPT for food allergens was similar in urban and in 
rural children. Although we observed an overall tenden-
cy of an association between reported adverse reactions 
and SPT, this was significant only in urban children, and 
when specific food items were considered the association 
disappeared; this was probably due to lower statistical 
power. However, we have shown that there was a good 
agreement between the SPT and IgE antibody levels to 
specific foods in Ghanaian children, with a very strong 
association in urban children. The overall prevalence of 
5% skin test reactivity to any food in our population and 
between 0.3 and 2% for the specific food allergens is sim-
ilar to and in some instances higher than reports from 
studies in other parts of the world  [30] . The prevalence 
of reported adverse symptoms to peanut that we ob-
served (1.5%) was a bit lower than that reported for chil-
dren of similar age groups in the UK (1.9% for 6-year-old 
children, 1.8% for 11-year-old children, and 2.5% for 
15-year-old children). Similarly, the percentage of chil-
dren with a positive skin test for peanut was slightly low-
er in our study population (2.0%) compared to children 
in the UK (2.6–3.7%)  [16, 31] . The prick-to-prick method 
allowed the testing of local foods, which would other-
wise have been impossible with commercial extracts due 
to the poor sensitivity of such preparations. The panel of 
food allergens tested was selected from the local market 
and, with the exception of apple, they all form part of the 
regular Ghanaian diet. Our panel was limited to fresh 
fruits, aside from the commercial peanut extract, be-
cause they were readily available and did not require any 
previous preparation or cooking before consumption. 
Thus, it was easy to test the allergens in the same state as 
they are eaten. The strength of our study lies in its 
matched case-control design adjusting for demographic 
and environmental covariates which could be associated 
with atopy.

  Even though in this study the panel of allergens in-
cluded only 1 of the 8 major food allergens internation-
ally recognized (peanut), it showed that other local foods 
may be of equal importance given the similar prevalence 
of sensitization to pineapple and peanut that we have 
found in this study. Dias et al.  [25]  found an increased 
prevalence of allergy to novel foods (i.e., foods which are 
not regularly used in food allergy test panels) like kiwi, 
legumes, and sesame, and they proposed that these may 
cause allergy mostly in the non-Caucasian population of 
the UK. Comparing skin test reactivity with IgE levels 
further demonstrated the importance of pineapple as an 

allergen as it showed the strongest association with sIgE 
antibody levels among cases stratified by specific food. 
None of the cases with a positive SPT to apple had elevat-
ed IgE levels. This is interesting because it reflects other 
findings that have described differences between specific 
foods in the predictive value of food sIgE antibody levels 
for allergy  [19] . It may also be due to the fact that apples 
are relatively new and less important in the diet of this 
population. It is also possible that sensitization to apple is 
due to cross-reactivity with another allergen either from 
a local pollen or from another food. It is not unlikely that 
this putative cross-reactive allergen is presented in the 
SPT but not in the CAP assay.

  We also observed that the proportion of helminth in-
fections was similar between cases and controls. This is 
important given that helminth infections are associated 
with an expansion of B cells producing IgE. Studies on 
atopy in Gabon have shown high mite sIgE levels in hel-
minth-infected subjects who did not show skin reactivity 
to mites  [32] . In our study, we observed among controls 
that helminth infection was associated with increased 
IgE levels to the tested foods. Also, controls from rural 
schools had significantly higher median sIgE levels than 
did controls from urban schools, an observation which 
could be explained by the prevalence of helminth infec-
tions in the rural schools. Limiting our analyses to rural 
subjects did not show current infection to be significant-
ly associated with IgE levels in controls, suggesting that 
the general observation of higher IgE in rural controls 
could be due to a history of helminth infection. 

  Cross-reactivities between inhalant allergens and the 
plant food allergens used in our study have been reported 
to involve the protein profilin, a pan-allergen ubiquitous-
ly expressed in eukaryotic cells  [33, 34] . In a recent study 
by Asero et al.  [35] , pollen-allergic patients who had a 
positive skin test reaction to date palm profilin were all 
sensitized to grass, and half of them had food allergy with 
oral symptoms. The offending foods included pineapple, 
citrus fruit, and banana. Similar results were reported 
earlier by Reindl et al.,  [36]  when IgE reactivity to profilin 
was associated with adverse reactions to pineapple and 
banana. Previous data from Ghanaian schoolchildren 
showed a low prevalence, i.e. 0.3%, for grass pollen al-
lergy (unpubl. data). However, extracts from local flora 
would have to be included to be able to test the cross-re-
activity to plants and/or trees prevalent in this region. 
Thus, our results with a prevalence of 5% could reflect 
sensitization specific to these tested plant foods and pos-
sibly independent of profilin or profilin sensitization via 
another local allergen.
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  Our results showed a higher proportion of multiatop-
ic cases with IgE sensitization to the specific foods elicit-
ing skin reactivity than in cases atopic to single foods. 
Future studies could focus on the multiatopic subjects to 
determine if being sensitive to some principal or ubiqui-
tous allergen results in reactions to multiple food aller-
gens. This would not only be useful in the management 
of food allergies resulting in symptoms, but would also 
prevent unnecessary dietary restrictions. It is also possi-
ble that a general allergic susceptibility could cause one 
to develop sensitization to a series of important inhalant 
and food allergens, which might be supported by our ob-
servation of a positive association between histamine 
wheal size (data not shown) and having a positive skin 
reaction to food allergens or aeroallergens; this finding 
has been previously reported by Van Gysel et al.  [37]  and 
van Bilderling et al.  [38] .

  We also showed that the patterns of consumption of 
food were generally similar in cases and controls. How-
ever, the daily use of palm oil was significantly higher in 
controls while the daily consumption of ice cream, re-
flecting a less traditional but more contemporary diet as 
well as a higher SES, was higher in cases. Palm oil use may 
be associated with more traditional cooking which could 
prevent atopy. Though food consumption could be influ-
enced by socioeconomic differences, the amount of mon-
ey spent by the family monthly (a surrogate SES variable) 
or the body mass index were not associated with being a 
case. In a recent study in schoolchildren in South Africa, 
an urban diet was associated with a positive SPT to aero-
allergens, but there were no data on SPT to food  [39] .

  We found a positive association between reported ad-
verse reactions and skin test reactivity in the urban chil-
dren, but only 20% of the subjects matched for the spe-
cific food item. It is known that reported food allergy re-
actions are not always reliable as indicators for food 
allergy and, indeed, reports from previous studies have 
indicated discrepancies between the reported perceived 
symptoms of food allergy and the results of clinical test-
ing [EuroPrevall Centers, van Ree, pers. commun.  7, 16 ]. 
The reported adverse reactions could indeed include in-
tolerances and dislikes but, on the whole, they included 
food items internationally recognized as problematic 
common food allergens like egg, fish, and peanut. Nota-
bly, the reported symptom of tingling/itching of the 
mouth and/or lips, a reaction expected to be indicative of 
food allergy, was more frequently found in subjects with 
a food sensitization (positive SPT), although numbers 
were quite low (8.5% in SPT-positive subjects vs. 2.3% in 
SPT-negative subjects). Particularly interesting was the 

fact that avoidance of offending foods by subjects report-
ing an adverse reaction was indicated by 50% of the sub-
jects, both in cases and in controls. The reason for this 
may be the absence of severe reactions to the foods. Re-
ported adverse reactions were mainly gastrointestinal 
and respiratory in nature. While early-life factors like 
breastfeeding duration and birth weight are reported to 
be related to the development of allergy  [40] , we found no 
such association in this study; this could be due to small 
numbers.

  This study provides timely information on the type and 
prevalence of sensitization to plant food allergens, the re-
ported perceived symptoms of food allergy, and the rela-
tionship of these conditions with other lifestyle factors 
generally reported to be associated with allergy. Our re-
sults show that IgE-mediated food atopy is important in 
Ghana, potentially to a similar extent as in Europe and 
America. We also showed that in addition to peanut, a rec-
ognized major food allergen, pineapple is an important lo-
cal allergen which merits further study in Ghanaian and 
foreign populations. Our study also shows that, similar to 
previous studies, perceived adverse reactions are not al-
ways reflected in SPT results and IgE antibody titers. These 
findings highlight the importance of further research into 
food allergy in Ghana and Africa as a whole. It will be use-
ful in the future to look at the prevalence of the major food 
allergens documented in the US and Europe for a com-
parison with the local allergens. Such studies could also 
analyze the role of cross-reactivity and employ a more 
stringent gold standard of diagnosis like the DBPCFC to 
allow the determination of true clinical food allergy.
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GLOFAL 
Questionnaire for Allergic Diseases 

Multi-Centre Study 
 
Date    : __ __/ __ __/ __ __ __ __ Country: GHANA 
  
Name of Interviewer  : __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ 
 
Name of Recorder  : __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ 
  
A. Child’s details 

1. Name / ID number :__ __ __ __ __ __ __ __ __ __ __ __ __ __/ __ __ __ __ __  
 
2. Date of birth / Age : __ __/ __ __/ __ __ __ __  [ ] year(s) 

 
3. Place of Birth ( including Region): __ __ __ __ __ __ __ __ __ __ __ __ __ _____ 

 
             [Country IF NOT Ghana]: __ __ __ __ __ __ __ __ __ __ __ __ __ __ ___ 

 
4. Ethnicity: __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ _ 
 

[Country of Origin IF NOT Ghana]: __ __ __ __ __ __ __ __ __ __ __ __ _ 
 

5. Sex   : [   ] Male [   ] Female 
 

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

7.  School information   
Class  : __ __ __ __ __ __ __ __ 
Name of school : __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __  

                                                  __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ 
 

8. House information   
House Number : __ __ __ __ __ __ __ __ 
Suburb/ Area : __ __ __ __ __ __ __ __ 
Telephone  : __ __ __ __ __ __ __ __ 

 
GPS Readings 
a. Latitude : __ __ __ __ __ __ __ __  
b. Longitude : __ __ __ __ __ __ __ __ 
c. Altitude : __ __ __ __ __ __ __ __ 
 

9. How far is the school from home (GPS reading)? : __ __ __ __ __ __ __ Km 
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10. How does the child get to school most of the time? 
[   ] Walk 
[   ] Bicycle 
[   ] Taxi 
[   ] Bus / Trotro 
[   ] Private Car 
[   ] Other, please specify __ __ __ __ __ __ __ __ __ __ 

 
B. Socio-economic Status and Environmental Factors. 
 

1. Has the child lived in this town/village since he/she was born?    [   ] Yes   [   ] No 
 
2. If you answered “no” where has the child lived before and for how long? 

 
Area A In. __ __ __ __ __ __ __ __ __ for__ __ __ month(s) __ __ __ Year(s)   
Area B In. __ __ __ __ __ __ __ __ __ for__ __ __ month(s) __ __ __ Year(s) 
Area C In. __ __ __ __ __ __ __ __ __ for__ __ __ month(s) __ __ __ Year(s) 
Area D In. __ __ __ __ __ __ __ __ __ for__ __ __ month(s) __ __ __ Year(s) 
 

 
3. Who provides financially for this child?  

[   ] Father and Mother 
[   ] Father 
[   ] Mother 
[   ] Other, please specify: __ __ __ __ __ __ __ __ __ __ __ __ __ 

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

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

    
5. The highest level of formal education completed by:  

Person (question number 3) 
[   ] Primary/Elementary    [   ] Middle school    [   ] JSS   [   ] SSS   [   ] O’level

 [   ] A’ level                          [   ] Vocational/ Commercial   [   ] Training College    
[   ] Polytechnic/University 
[   ] Other, please specify __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ 
 
Spouse of this person  
[   ] Primary/Elementary   [   ] Middle school    [   ] JSS   [   ] SSS   [   ] O’ level

 [   ] A’ level                         [   ] Vocational/ Commercial   [   ] Training College    
[   ] Polytechnic/University 
[   ] Other, please specify __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ 
 

6.  Who does this child live with (if different from response in question “3” above)?  
[   ] Father and Mother 
[   ] Father 
[   ] Mother 
[   ] Other, please specify: __ __ __ __ __ __ __ __ __ __ __ __ __ 

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

 
Occupation of the spouse of this person: __ __ __ __ __ __ __ __ __ __ __ __ __     
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8. The highest level of formal education completed by:  
Person (question number 6) 
[   ] Primary/Elementary    [   ] Middle school    [   ] JSS   [   ] SSS   [   ] O’level

 [   ] A’ level                          [   ] Vocational/ Commercial   [   ] Training College    
[   ] Polytechnic/University 
[   ] Other, please specify __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ 
  
Spouse of this person  
[   ] Primary/Elementary    [   ] Middle school    [   ] JSS   [   ] SSS   [   ] O’level

 [   ] A’ level                          [   ] Vocational/ Commercial   [   ] Training College    
[   ] Polytechnic/University 
[   ] Other, please specify __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ 
 
  

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

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

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

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

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

 
 

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

14. How much money did your family spend on electricity in the past month? 
 
¢ __ __ __ __ __ __ __ __ __ 
[   ] Respondent unable to estimate 

 
 

15. How much money did your family spend on food in the past month? 
 
¢ __ __ __ __ __ __ __ __ __ 
[   ] Respondent unable to estimate 
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C. ISAAC Core Questionnaires 
 
C1 Core Questionnaire for Wheezing and Asthma  
All questions are about problems which occur when this child DOES NOT have a cold 
or the flu 
 

1. Has this child ever had wheezing or whistling in the chest? [   ] Yes [   ] No                     
 

IF YOU HAVE ANSWERED "NO" PLEASE SKIP TO QUESTION 6 
 
2. Has this child had wheezing or whistling in the chest in the past 12 months?  

[   ] Yes [   ] No 
 
IF YOU HAVE ANSWERED "NO" PLEASE SKIP TO QUESTION 6 

 
3. How many attacks of wheezing has this child had in the past 12 months? 

[   ] None 
[   ] 1-3 
[   ] 4-12 
[   ] > 12 
 

4. In the past 12 months how often, on average, has this child’s sleep been disturbed 
due to wheezing? 
[   ] Never woken with wheezing 
[   ] Less than one night per week 
[   ] One or more nights per week 
 

5. In the past 12 months, has wheezing ever been severe enough to limit this child’s 
speech to only one or two words at a time between breaths?    [   ] Yes  [   ] No 
              

6. In the past 12 months, has this child’s chest sounded wheezy during or after 
exercise?           [   ] Yes  [   ] No         

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

associated with a cold or chest infection?                                 [   ] Yes  [   ] No 
 

8. Has a doctor ever diagnosed your child as having asthma?    [   ] Yes  [   ] No                    
 

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

10. Has any member of this child’s family ever had asthma? 
[   ] Yes     [   ]No      [   ] No idea 

11. If you answered “yes” to question 10, indicate relationship to child (tick all that 
apply) 
[   ] Father 
[   ] Mother  
[   ] Brother or Sister 
[   ] Father’s __ __ __ __ __ __ __ __ __ (family member eg. sister, father) 
[   ] Mother’s __ __ __ __ __ __ __ __ __ (family member eg. sister, father) 
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C2 Core Questionnaire for Rhinitis/Hayfever 
All questions are about problems which occur when this child DOES NOT have a cold 
or the flu. 
 

1. Has this child ever had a problem with sneezing or a runny or blocked nose (nose 
problem) without cold or the flu?    [   ] Yes  [   ] No 

      IF YOU HAVE ANSWERED "NO" PLEASE SKIP TO QUESTION 6 
 

2. Has this child had this nose problem in the past 12 months? [   ] Yes  [   ] No 
 

      IF YOU HAVE ANSWERED "NO" PLEASE SKIP TO QUESTION 6 
 

3. In the past 12 months, has this child’s nose problem been associated with itchy-
watery eyes?                                               [   ] Yes  [   ] No 

4. In which of the past 12 months did this nose problem occur? (please tick any 
which  apply) 
[   ] January   [   ] June   [   ] November 
[   ] February   [   ] July   [   ] December 
[   ] March   [   ] August   [   ] Rainy season 
[   ] April   [   ] September  [   ] Dry season 
[   ] May   [   ] October   [   ] Anytime 
        [   ] No idea 

 
5. In the past 12 months, how much did this nose problem interfere with this child’s 

daily activities such as school or play? 
[   ] Not at all 
[   ] A little 
[   ] A Moderate 
[   ] A lot 
 

6. Has a doctor ever diagnosed your child as having allergic rhinitis / hay fever? 
                                                                                      [   ] Yes [   ] No 

                                                                           
7. If “Yes” to question number 6, what is the name of medicine the doctor gave your 

child? 
Medicine(s) __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __  
[  ] Cannot recall name of medicine 

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

[   ] Yes     [   ] No      [   ] No idea 
 
9. If you answered “yes” to question 8, indicate relationship to child (tick all that 

apply) 
   [   ] Father 

[   ] Mother  
[   ] Brother or Sister 
[   ] Father’s __ __ __ __ __ __ __ __ __ (family member eg. sister, father) 
[   ] Mother’s __ __ __ __ __ __ __ __ __ (family member eg. sister, father) 
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C3 Core Questionnaire for Atopic Dermatitis/Eczema  
Show pictures from the “Observer’s protocol for recording signs of visible flexural 
dermatitis” to the respondent 
 

1. Has this child ever had one or more skin problem(s) like in the pictures 
accompanied by an itchy rash which was coming and going for at least 6 months? 

                            [  ] Yes, Picture number__ __ __ __[   ]No 
 

      IF YOU HAVE ANSWERED "NO" PLEASE SKIP TO QUESTION 6 
 

2. Has this child ever had this skin problem (itchy rash) in the last 12 months? 
                                                                                      [   ] Yes [   ] No 

 
      IF YOU HAVE ANSWERED "NO" PLEASE SKIP TO QUESTION 6 

 
3. Has this skin problem (itchy rash) at any time affected any of the following 

places:  The folds of this child’s elbows, behind the knees, in front of ankles, 
under the buttocks or around the neck, ears or eyes? 
                                                                                      [   ] Yes [   ] No 
 

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

5. Did this rash clear completely at any time during the past 12 months? 
 [   ] Yes [   ] No 
 

6. Has a doctor ever diagnosed your child as having allergic eczema/ atopic 
dermatitis?                                                                     [   ] Yes [   ] No 

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

to your child? 
Medicine(s)  __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __  
[  ] Cannot recall name of medicine 
 

8. Has any member of this child’s family ever had allergic eczema/ atopic 
dermatitis?    [   ]Yes  [   ]No  [   ]No idea 

 
9. If you answered “yes” to question 8, indicate relationship to child (tick all that 

apply) 
[   ] Father 
[   ] Mother  
[   ] Brother or Sister 
[   ] Father’s __ __ __ __ __ __ __ __ __ (family member eg. sister, father) 
[   ] Mother’s __ __ __ __ __ __ __ __ __ (family member eg. sister, father) 
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D. Health concerns 
 

1. When was the last time this child had any medical treatment? 
[  ] < 1 month ago   [  ] 1 to 3 months ago  
[  ] 3 to 6 months ago  [  ]> 6 months 
 

2. What was the name of the medicine in ‘1’ and for which condition was it given? 
Medicine1__ __ __ __ __ __ __ __ __ __ Condition1 __ __ __ __ __ __ __ __ __ 
 
Medicine2__ __ __ __ __ __ __ __ __ __ Condition2 __ __ __ __ __ __ __ __ __ 
 
Medicine3__ __ __ __ __ __ __ __ __ __ Condition3 __ __ __ __ __ __ __ __ __  
 

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

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

worm infection? __ __ __ __ __ __ __ __ __ __ __ __ __ 
[  ] Cannot recall name of medicine 

 
5. Is there any smoker in your house      [   ]Yes  [   ]No 
 
6. If you answered “yes” to question 5, does this person smoke when the child is 

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

[   ] Yes  [   ] No [   ] No idea 
 
 

8. Do you use groundnut oil for any other purpose (example as skin ointment)? 
        [   ]Yes  [   ]No 

 
 
 
 
 
 
 
 
 
 
 
 

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

For this section, please ask the respondent how frequently the child consumes each food item and the cooking method used 
to prepare the food item. 
 
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 Boiling/ 
Steaming 

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 Allergy 
The following questions are about the child’s reactions to food OTHER than reactions 
caused by food poisoning, illness or a bacterial infection such as cholera etc. 
  

1.  Has your child ever had adverse events (reactions) after food intake? 
 [   ] Yes [   ] No 

                               
       If   yes which food? __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ 
                                        __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ 
 

              (Show list in Table F2 if needed) 
 
2. Has the child had any problems eating any other food or foods that not listed 

in Table F2?   If yes please list: 
           __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __     
 
           __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ 
 
 IF YOU HAVE ANSWERED "NO" TO QUESTION 1 & 2 PLEASE SKIP TO   
              QUESTION 13 
 

3.  How old was the child when s/he had the first problem eating this food?  
__ __ __ __ year(s) 

 
 

4. How old was the child when s/he had the most recent problem eating this 
food? 

       __ __ __ __ year(s) 
 
 

5. Has the child had this illness or trouble after eating this food? 
[   ] Only once 
[   ] 2-4 times 
[   ] More than 4 times 
 
6. Has the child avoided eating that food since the illness or trouble?  

 [   ] Yes  [   ] No 
 
7. Did this illness or trouble include any of the following? (please  mark if yes)   
 
Table F1  
 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  [   ]No 
            If yes, please describe __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __  

 
     

9. How long after eating the food did the child start having the first symptom? 
            [   ] Minutes     [   ] Hours    [   ] Days 

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

 
 

11. Did the child receive any treatment?          [   ]Yes  [   ]No  
 

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

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

allergy?                                                                             [   ]Yes  [   ]No                   
 

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

 
Table F2 

 
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 [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] [   ] 
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G.  Early Life factors  
For the following questions please ask to see the child’s weighing card. 

Is the child’s weighing card available?  [   ] Yes [   ] No 

1. Was your child born prematurely?                         [   ] Yes [   ] No 

 

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

 

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

 

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

[   ] After Hours   [   ] After Days    [   ] After Weeks   

 

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

 

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

 

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

Food_____________________________________ at what age? ______ (in months) 

 

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

[   ] Yes  [   ] No 

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

   Please state these reasons:  

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

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

Immunization Record) 

                                                                                                     No          Yes       Not Sure 

Oral Polio Vaccine (OPV)                                       
Bacillus Calmette Guérin (BCG)        
Diphtheria Pertussis Tetanus (DPT)       
Yellow Fever       
Measles       
Other Immunizations, please state: 
________________________________________________________________________ 
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11. In your child’s first 2 years of life, were you told by a health worker such as a doctor 

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

                                                                                                No         Yes    Cannot Recall 
Respiratory infection such as Pneumonia or Bronchiolitis            
Bacterial Meningitis         
Worm infection         
Measles         
German Measles (Rubella)        
Hepatitis A        
 
Other Diseases/Infections, please state: 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
 

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

             [   ] Yes  [   ] No 

 

 



Table S1: Associations of lifestyle factors with positive SPT for food. 
 

    Controls Cases 
Crude OR 
 (95% CI) 

Adjusted OR 
 (95% CI) 

Premature birth no 57(98.3%) 32(94.1%) 1 1 

 yes 1(1.7%) 2(5.9) 3.6 (0.3 to 40.8) 2.4 (0.1 to 71.6) 
Exclusive breastfeeding for at 
least 3 months no 25(39.1%) 10(29.4%) 1 1 

 yes 39(61.9%) 24(70.6%) 1.5 (0.6 to 3.8) 1.7 (0.4 to 6.5) 
Day care attendance during 2 
first years of life no 47(77.0%) 22(62.9%) 1 1 

  yes 14(23.0%) 13(37.1%) 2.0 (0.8 to 4.9) 1.6 (0.4 to 1.0) 
Food expenditure on food per 
month (above median) no 27(28.2%) 17(53.1%) 1  

 yes 29(51.8%) 15(46.9%) 0.82 (0.3 to 2.0) 0.54 (0.2 to 1.8) 

Any helminth infection# no 55(76.4%) 27(77.1%) 1  

 yes 17(23.6%) 8(22.9%) 0.96 (0.4 to 2.5) 0.85 (0.2 to 3.5) 

Malaria infection no 66(79.5%) 33(78.6%) 1 1 

 yes 17(20.5%) 9(21.4%) 1.06 (0.4 to 2.6) 0.8 (0.2 to 3.5) 

BMI below normal no 64(77.1%) 35(81.4%) 1 1 

 yes 19(22.9%) 8(18.6%) 0.77 (0.3 to 1.9) 0.34 (0.1 to 1.9) 

Adjusted odd ratios are corrected for age, and all other variables,   
#Infection with any of the helminths S. haematobium, trichuris, ascaris or hookworm. $Weight 
categories as described in Hogewoning AA et al, Br J Dermatol. 2009;161(2):475-7. Odds ratios with 
p< 0.05 are in bold. 

 


