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Original article
Prevalence of food sensitization and helminth infection among primary school
children in Ibadan, southwest Nigeria
Background: Food allergy is a problem of the western world, however,
cases of food allergy have also been found in developing countries. In
Nigeria, the prevalence of food allergy is scarce while the association of
food sensitization with helminthiasis is unknown. Objective: This study was
designed to determine the prevalence of sensitization to food among
Nigerian school children and its relation to intestinal helminthiasis.
Methods: A total of 128 participants were recruited from CAC Primary
School, Sango, Ibadan, Nigeria. Skin Prick Test using freshly prepared food
allergens was carried out. Stool samples were collected from them to screen
for ova of parasites using concentration method. Results: A total of 26
(20.3%) out of 128 participants were SPT positive for various food
allergens, while 16 (12.5%) had helminthic infection. There was however an
equal distribution of helminthic infection among students who were food
allergen SPT positive and negative. There was also no association between
gender and susceptibility to food allergy. Conclusion: Sensitization to food
is common in school children, and intestinal helminthiasis seems to have no
influence on its prevalence.
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INTRODUCTION
Food allergy constitutes a growing problem in the
western world and its incidence seems to be on the
increase.1 Children experience food allergies more
than adults as tolerance develops with increasing
age. In developed countries, the prevalence of food
allergy in children is 6-10%, while it is 3-4% in
adults2. In developing countries, such as Nigeria,
report on prevalence of food allergy is scarce but
study on prevalence of environmental allergy is
extensive3,4,5,6. In developed countries, almost all
(90%) reported food allergic reactions are caused
by cow’s milk and dairy products, hen’s egg,
peanuts, nuts, gluten containing cereals (e.g. wheat,
rye, barley), sesame, soybeans, mustard, fish,
crustaceans and shellfish7,8,9, hence they are referred
to as “priority food allergens”. Other less common
allergenic foods include legumes, fruit juices (e.g.
kiwifruit, apple, grape) and vegetables (e.g.,
celeriac, carrots and onions)10; but the types and
prevalence of food allergy varies with geographical
location.11,12,13,14,15
The Centers for Disease Control and Prevention
documented an 18% increase in the prevalence of
reported food allergy in children in the United
States of America (USA) within a decade, while a
comparable observation was made within the same
period in China.1,16 Foods causing most allergies in

Africa are egg white, peanut, milk, soy,
seafoods, pineapple, vegetable oil and pork.17,18,19
Antigens present in food induce a systemic nonresponsiveness termed ‘oral-tolerance’20. However,
a failure to develop tolerance or a breakdown in
tolerance in certain individuals results in excessive
production of food-specific immunoglobulin E
(IgE) antibodies. In these individuals, mast cellbound IgE molecules are present in the
gastrointestinal tract. Upon ingestion, food
allergens bind to mast cell-bound IgE and cross-link
the IgE molecules leading to the release of
inflammatory mediators from the mast cell, causing
smooth muscle contraction and vasodilatation.21
Human intestinal helminthiases are rampant in
the tropics because of favourable climatic,
environmental and socio-cultural factors that permit
their transmission for greater part of the year22.
These factors predispose school-aged children to be
at greater risk of helminthiasis.23,24 In Nigeria,
commonly encountered helminthes are Ascaris
lumbricoides, Trichuris trichiura, hookworm and
schistosomes.25,26,27 Evidence exists that helminthes
modulate the host immune system to guarantee their
own survival28 and also induce regulatory responses
that dampen the activity of effector cells.29 The
modulatory effect of helminthes on the immune
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system has led to the exploration of its use as
therapy in autoimmune diseases and immune
disorders.
Epidemiological studies have shown inverse
associations between environmental allergen skin
test reaction and various helminthic infections
namely Ascaris lumbricoides,30,31 Trichuris
trichiura,30,32 hookworm,29 and Schistosoma.33,34
Also, previous studies focused on identifying comorbid conditions of food allergy such as allergic
rhinitis, atopic dermatitis, and asthma in developed
countries.35,36,37,38 This present study is therefore
designed to determine the prevalence of food
sensitization in an emerging country – Nigeria and
to find out the association between helminth
infection, gender and food sensitization.

METHODS
Participants
A total of 128 pupils (60 boys and 68 girls; age
range 5 to 13 years) were recruited from primary
schools in Ibadan, Southwestern Nigeria. Ethical
clearance was obtained from the State Ministry of
Health (Oyo State) while permission was obtained
from the State Universal Basic Education Board as
well as Local Government Universal Basic
Education Authority. Parental informed assent was
obtained on behalf of each pupil.
Food allergens
The food allergens used were fresh cow’s milk,
egg, fish, crayfish, groundnut, soya, wheat,
pineapple, vegetable and cassava obtained locally
from the market. Allergens were aseptically
prepared described as follows: Foods with hard
consistency (fish, crayfish, groundnut, soya, wheat,
vegetable and cassava) were oven-dried, ground
and diluted in buffered saline at 1:3 w/v dilution39.
Fresh cow’s milk and cooked egg white were used
directly. All procedures were carried out under
sterile conditions.
Skin Prick Test
Skin Prick Test (SPT) was carried out on all
participants using the food allergens mentioned
above as described by Arinola et al40. The wheal
diameter was measured with a millimeter ruler and
wheal diameter greater than 3mm was considered as
positive reaction.
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Sample Collection and Analysis
Stool sample was collected into a universal
container. The stool sample was microscopically
examined for ova after concentration method as
previously described by Arinola et al 41.
Statistical Methods
Statistical analysis was done using statistical
package SPSS version 17.0 and association between
variables was determined by Chi-square (X2) at
0.05 level of significance.

RESULTS
Out of the 128 participants, 26 (20.3%) were
positive for the tested food allergens of which 16
were females and 10 males. Also, 16 (12.5%)
students had helminthic infection, 11 of them were
females and 5 were males. There were no gender
differences in the prevalence of helminthic infection
or food sensitization (p > 0.05). (Table 1).
As shown in table 2, a total of 14 (10.9%)
students out of 128 had Ascaris lumbricoides
infection, while 2 (1.6%) had hookworm infection.
Five (8.3%) males had Ascaris lumbricoides
infection while 9 (13.2%) females had Ascaris
lumbricoides infection. Hookworm infection was
seen in only 2 (2.9%) of the females.
In Table 3, from the 16 positive cases of
helminth infection, 8 had positive SPT for the tested
foods, while the remaining 8 had negative SPTs
There was also an equal distribution of 7 Ascaris
lumbricoides to 1 hookworm infection in food
allergy positive as well as food allergy negative
students.
Sensitization to groundnut was the most
prevalent food allergy, followed by milk, soybeans,
wheat and cassava. There was however no
sensitization to fish or vegetables in any of the
students. Among the males, the most prevalent food
allergens were groundnut, soybeans, wheat and
crayfish; followed by milk, cassava, pineapple and
egg. On the contrary, among the females, the most
prevalent food allergens were groundnut and milk;
none of the females was however susceptible to
crayfish allergen; as in table 4.
Fourteen school children (6 males and 8
females) had single food allergy, while 12 school
children (4 males and 8 females) had multiple food
allergies (Table 5).
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Table 1. Gender-based prevalence of food allergy and helminth infection among school children.

Helminth infection
Food sensitization

Positive
Negative
Positive
Negative

Male
(n = 60)
(46.9%)
5 (8.3%)
55 (91.7%)
10 (16.7%)
50 (83.3%)

Female
(n = 68)
(53.1%)
11 (16.2%)
57 (83.8%)
16 (23.5%)
52 (76.5%)

Total
(n = 128)
16 (12.5%)
112 (87.5%)
26 (20.3%)
102 (79.7%)

X2
0.181
0.336

Table 2. Types of helminths species in school children.

Ascaris lumbricoides
Hookworm
Total

Male
(n = 60)
5 (8.3%)
0 (0%)
5 (8.3%)

Female
(n = 68)
9 (13.2%)
2 (2.9%)
11 (16.2%)

Total
(n = 128)
14 (10.9%)
2 (1.6%)
16 (12.5%)

Table 3. Prevalence of food allergy among school children with different species of
helminthic infections.

Food allergy positive
Food allergy negative

HELMINTH POSITIVE
n = 16
Ascaris lumbricoides Hookworm
7 (43.75%)
1 (6.25%)
7 (43.75%)
1 (6.25%)

Total
8 (50%)
8 (50%)

Table 4. Prevalence of types of food allergies among both sexes in the school children.

Milk
Egg
Fish
Crayfish
Groundnut
Soybeans
Wheat
Pineapple
Vegetables
Cassava

MALES
(n = 60)
2 (1.6%)
2 (1.6%)
0 (0%)
3 (2.3%)
3 (2.3%)
3 (2.3%)
3 (2.3%)
2 (1.6%)
0 (0%)
2 (1.6%)

FEMALES
(n = 68)
5 (3.9%)
1 (0.8%)
0 (0%)
0 (0%)
5 (3.9%)
4 (3.1%)
3 (2.3%)
3 (2.3%)
0 (0%)
4 (3.1%)

TOTAL
(n = 128)
7 (5.5%)
3 (2.3%)
0 (0%)
3 (2.3%)
8 (6.3%)
7 (5.5%)
6 (4.7%)
5 (3.9%)
0 (0%)
6 (4.7%)
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Table 5. Prevalence of combination types of food sensitization in relation to gender.
Allergen

Single allergies

Milk
Egg
Crayfish
Groundnut
Soybeans
Wheat
Pineapple
Sub-total

Multiple allergies

Milk + wheat
Milk + cassava
Milk + soya
Egg + cassava
Groundnut + pineapple
Groundnut + wheat
Groundnut + soya
Soya + cassava
Wheat + pineapple
Milk + groundnut + wheat
Groundnut +soya + wheat + cassava
Milk + crayfish + groundnut + pineapple + cassava
Sub-total

OVERALL
TOTAL

OVERALL TOTAL

DISCUSSION
Previous reports showed that the prevalence of food
allergy varies from country to country, with a
higher prevalence rate found in developed
countries1,16,42,43. Reports of food allergy in
developing countries are scarce, however,
environmental allergies have been studied3, 4,5,6,44.
The recent rise in prevalence of food allergy in
western countries45,46 has necessitated our need to
investigate such prevalence in tropical countries.
Also, it has been noted that helminthic infections
are widespread in tropical countries and the hygiene
hypothesis suggests that due to the prevalence of
helminthes in tropical countries, allergic diseases
might be scarce.
From the present study, we observed that total
prevalence of food allergy among the study
population is 20.3%. Pawankar et al47 reported an
allergy prevalence of 20-30% in Africa, this was
however not restricted to food allergy. In this study,
the food with the highest prevalence of reactivity
was groundnut (6.3%); followed by soya (5.5%)
and milk (5.5%). Others were cassava (4.7%),
wheat (4.7%), pineapple (4.7%), pineapple (3.9%),
egg (2.3%) and crayfish (2.3%). These food
allergens have also been reported in other parts of
Africa17, 18, 19. Previous reports in western countries
showed that groundnut, milk, soya, egg, seafoods,
sesame
and
wheat
are
‘priority
food

26

Males
(n=60)
0 (0%)
1 (0.8%)
2 (1.6%)
1 (0.8%)
1 (0.8%)
0 (0%)
1 (0.8%)
6
(4.7%)
1 (0.8%)
0 (0%)
0 (0%)
1 (0.8%)
0 (0%)
0 (0%)
1 (0.8%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
1 (0.8%)
4
(3.1%)
10
(7.8%)

Females
(n=68)
2 (1.6%)
1 (0.8%)
0 (0%)
1 (0.8%)
2 (1.6%)
1 (0.8%)
1 (0.8%)
8
(6.3%)
0 (0%)
1 (0.8%)
1 (0.8%)
0 (0%)
1 (0.8%)
1 (0.8%)
0 (0%)
1 (0.8%)
1 (0.8%)
1 (0.8%)
1 (0.8%)
0 (0%)
8
(6.3%)
16
(12.5%)

Total
(n =128)
2 (1.6%)
2 (1.6%)
2 (1.6%)
2 (1.6%)
3 (2.3%)
1 (0.8%)
2 (1.6%)
14
(10.9%)
1 (0.8%)
1 (0.8%)
1 (0.8%)
1 (0.8%)
1 (0.8%)
1 (0.8%)
1 (0.8%)
1 (0.8%)
1 (0.8%)
1 (0.8%)
1 (0.8%)
1 (0.8%)
12
(9.4%)
26
(20.3%)

allergens’48,49,50,51. This is in agreement with our
present findings.
Osborne et al 52 reported prevalence rates of egg
white (16.5%), peanut (8.5%) and cow milk (5.6%)
among Australian children. This order of
prevalence came in contrast to our observation;
however, there was a comparable prevalence rate of
cow’s milk allergy. This lends support to the report
of Ouahidi et al15 that the types and prevalence of
food allergy vary with geographical location.
Furthermore, in South Africa, Els et al53, reported
the following prevalence of food allergens:
groundnut (9%), egg white (7%), wheat (4%), fish
(4%), and milk (3%). These values are relatively
higher than what we observed. This might be due to
higher level of ‘westernization’ in South Africa
compared to our study location.
Among the male school children, 3 (2.3%) of
them each had a positive reactivity to groundnut,
wheat, soybeans and crayfish; while 2 (1.6%)
reacted positively to milk, egg, pineapple and
cassava (Table 4). However, among the female
school children, the highest prevalence of positivity
was for groundnut and milk (3.9% each), followed
by soybeans and cassava (3.1% each), wheat
(2.3%), pineapple (2.3%) and egg (0.8%) (Table 4).
None of the school children were sensitive to fish or
vegetables. There was no gender difference in the
prevalence of food sensitization among the school
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children. This might be related to similar
environmental factors impacting on the type of food
sensitivity observed in them.
In this study, 12.5% of the school children had
helminthic infection. This is comparable to the
findings of Odu et al27 who reported a prevalence of
15.7% among school-aged children. The intestinal
helminthes observed in our study were Ascaris
lumbricoides and hookworm. Various studies have
demonstrated the presence of other intestinal
helminthes – Ascaris lumbricoides, Trichuris
trichiura, hookworm and schistosomes – across
Nigeria25,26,27. Other studies in rural areas across
Nigeria, among school-aged children showed
higher prevalence rates54,55. Jimenez-Gonzalez et
al56 also reported a prevalence of 34.0% among
inhabitants of a rural community in Mexico. This
shows that rural communities have a higher
prevalence of helminthic infections compared with
urban communities. Our present study also shows
that helminthic infection is not gender-specific as
we found no significant difference in the prevalence
between the sexes (male- compared with femaleschool children).
The percentage of present and absent
sensitization to food allergens was comparable
among the helminth infected children. It may
therefore be hypothesized that immunoregulation
by helminth infection did not affect response to
food allergens. Various studies have reported
interaction between helminthic infection and
allergy28,57,58,59. Helminths regulate host immune
response, in a way that enhances their survival in
the host and limits host tissue damage. However,
despite strong T-helper 2-type (Th2) polarization of
immune response by helminthic infection, chronic
helminthic infections do not induce clinical
symptoms of allergy. This paradoxical phenomenon
was explained by the report of Maizels and
Yazdanbakhsh60 that chronic helminth infections
protect against allergic diseases. It was also added
that
the
hyporesponsiveness
induced
by
helminthiasis is not only directed toward parasite
antigens but seems to be extended to ‘bystander’
antigens, such as vaccine antigens or other
pathogens61.
CONCLUSION
The study showed that both sensitization to food
and helminth infection are prevalent among school
children but helminth infection or gender have no
influence on the prevalence of food sensitization.

REFERENCES
1. Branum AM, Lukacs SL. Food allergy among U.S.
children: trends in prevalence and hospitalizations.
National Center for Health Statistics Data Brief;
2008.
2. Herz U. Immunological basis and management of
food allergy. J Pediatr Gastroenterol Nutr 2008;
47:S54–S57
3. Adanijo
AO,
Bandele
EO.
Cockroach
hypersensitivity in asthmatics in Lagos, Nigeria. East
Afr Med J 2000; 77(11):622 – 6 PMID: 12862110
4. Ige OM, Arinola OG,
Falusi AG, Aderemi T,
with Asthma in adults
southwestern Nigeria. J
900.

Oluwole O, Falade AG,
et al. Atopy is associated
living in rural and urban
Asthma 2011; 48(9):894 –

5. Ogunlade OA, Ige OM, Arinola OG, Onadeko
BO. Allergen-specific immunoglobulin E (IgE)
antibodies and skin test reactivity in patients with
asthma in Nigeria. J Clin Immunol Immunopathol
Res 2012; 4(3): 25-8
6. Oluwole O, Arinola OG, Falade GA, Ige MO,
Falusi GA, Aderemi T, et al. Allergy sensitization
and asthma among 13-14 year old school children in
Nigeria. Afr Health Sci 2013; 13(1): 144 - 53
7. Van Der Poel L, Chen J, Penagos M. Food
allergy epidemic - is it only a western phenomenon?
Curr Opin Allergy Clin Immunol 2009; 22:121–6.
8. Sicherer SH, Leung DYM. Advances in allergic
skin disease, anaphylaxis, and hypersensitivity
reactions to foods, drugs and insects in 2010. J
Allergy Clin Immunol 2011; 127:326–35.
9. Spičák V. Changing face of allergy and allergic
diseases. Alergie 2010; 12:83–6.
10. Boye JI. Food allergies in developing and emerging
economies: need for comprehensive data on
prevalence rates. Clin Transl Allergy 2012; 2:25
11. Westritschnig K, Sibanda E, Thomas W, Auer H,
Asp ck H, Pittner G. Analysis of the sensitization
profile towards allergens in central Africa. Clin Exp
Allergy 2003; 33:22–7.
12. Oh JW, Pyun BK, Choung JT, Ahn KM, Kim CH,
Song SW. Epidemiological change of atopic
dermatitis and food allergy in school-aged children in
Korea between 1995 and 2000. J Korean Med Sc
2004; 19:716–23.
13. Lunet N, Falc

27

Adelakun and Arinola

14. Leung TF, Yung E, Wong YS, Lam CWK, Wong
GWK. Parent-reported adverse food reactions in Hong
Kong Chinese pre-schoolers: epidemiology, clinical
spectrum and risk factors. Pediatr Allergy Immunol
2009; 20:339–46.

26. Arinola OG, Yaqub S and Rahamon SK. Reduced
serum IgE level in Nigerian children with Nigerian
children with helminthiasis compared with protozoan
infection: Implication on hygiene hypothesis. Ann
Biol Res 2012; 3 (12):5754-7

15. Ouahidi I, Aarab L, Dutau G. The effect of thermic
and acid treatment on the allergenicity of peanut
proteins among the population of the region of FesMeknes in Morocco. Rev Francaise d'Allergol 2010;
50(1):15–21.

27. Odu NN, Elechi VI, Okonko IO. Prevalence of
Intestinal Helminthes Infection among Primary
School Children in Urban and Semi-Urban Areas in
Rivers State, Nigeria. World Rural Observations
2013; 5(1)

16. Hu Y, Chen J, Li H. Comparison of food allergy
prevalence among Chinese infants in Chongqing,
2009 versus 1999. Pediatr Int 2010 Oct;52(5):820-4

28. Smits
HH,
Everts
B,
Hartgers
FC,
Yazdanbakhsh M. Chronic Helminth Infections
Protect Against Allergic Diseases by Active
Regulatory Processes Curr Allergy Asthma Rep 2010
Jan; 10(1): 3–12.doi: 10.1007/s11882-009-0085-3

17. Achinewu SC. Food allergy and its clinical
symptoms in Nigeria. Food Nutr Bull 1983, 5(3):18–
9.
18. Obeng BB, Amoah AS, Larbi IA, Yazdanbakhsh
M, van Ree R, Boakye DA. Food allergy in
Ghanaian schoolchildren: data on sensitization and
reported food allergy. Int Arch Allergy Immunol
2010; 155:63–73.
19. Gray C, Kung ST. Food allergy in South Africa:
joining the food allergy epidemic? Curr Allergy Clin
Immunol 2012; 25(1):24–9.
20. Berin MC, Sampson HA. Mucosal immunology of
food allergy. Current Biology 2013; 23, R389–R400
http://dx.doi.org/10.1016/j.cub.2013.02.043
21. Janeway CA Jr, Travers P, Walport M, Capus
JD. Immunobiology: The Immune System in Health
and Disease. 5th edition. New York: Garland
Science; 2001. Effector mechanisms in allergic
reactions.
Available
from:
http://www.ncbi.nlm.nih.gov/books/NBK27112/
22. Mordi RM, Ngwodo POA. A study of blood and
gastro-intestinal parasites in Edo State. Afr J
Biotechnol 2007; 6 (19): 2201-7
23. Albonico M, Allen H, Chitsulo L, Engels
D, Gabrielli AF, Savioli L. Controlling Soil
Transmitted Helminthiasis in Pre-school –Age
children through preventive chemotherapy. PLOS
Negl Trop Dis, 2008; 2(3): e126.
24. Odu NN, Okonko IO, Erhi O. Study of Neglected
tropical diseases (NTDs):
Gastro Intestinal
Helminthes among school children in Port
Harcourt, Rivers State, Nigeria. Report and Opinion,
2011; 3(9):6-16.
25. Adeyeba OA, Akinlabi AM. Intestinal parasitic
infections among school Children in a rural
community, southwest Nigeria. Nig J Parasitol 2002;
23:11-8

29. Flohr C, Tuyen LN, Lewis S, Quinnel R, Minh
TT, Liem HT, et al. Poor sanitation and helminth
infection protect against skin sensitization in
Vietnamese children: a cross-sectional study. J
Allergy Clin Immunol 2006; 118:1305–11.
30. Cooper PJ, Chico ME, Rodrigues LC, Ordonez
M, Strachan D, Griffin GE, et al. Reduced risk of
atopy among school age children infected with
geohelminth parasites in a rural area of the tropics. J
Allergy Clin Immunol 2003; 111:995–1000.
31. Obihara CC, Beyers N, Gie RP, Hoekstra MO,
Fincham JE, Marais BJ, et al. Respiratory atopic
disease, Ascaris-immunoglobulin E and tuberculin
testing in urban South African children. Clin Exp
Allergy 2006; 36:640–8.
32. Rodrigues LC, Newland P, Cunha SS. Early
infections with intestinal helminths reduce the risk of
atopy later in childhood. Clin Exp Allergy 2008,
38:1769-77
33. Araujo MI, de Carvalho EM. Human
schistosomiasis decreases immune responses to
allergens and clinical manifestations of asthma.
Chem Immunol Allergy 2006; 90:29–44.
34. van den Biggelaar AH, van Ree R, Rodrigues
LC, Lell B, Deelder AM, Kremsner PG, et al.
Decreased atopy in children infected with
Schistosoma haematobium: a role for parasiteinduced interleukin-10. Lancet 2000; 356:1723–7.
35. Eigenmann PA, Calza AM. Diagnosis of IgEmediated food allergy among Swiss children with
atopic dermatitis. Pediatr Allergy Immunol 2000;
11:95-100.
36. Branum AM, Lukacs SL. Food allergy among
children in the United States. Pediatrics 2009;
124:1549-55.
37. Gray C. Allergies in eczema. Current Allergy Clin
Immunol 2011; 24(3):185-91.

28

Food sensitization and helminth infection among Nigerian children

38. Gray CL, Levin ME, Zar HJ, Porter PC,
Khumalo NP, Volkwyn L et al. Food allergy in
South African children with atopic dermatitis.
Paediatr Allergy Immunol 2014; 25:572-9.

50. Bock SA, Munoz-Furlong A, Sampson HA.
Further fatalities caused by anaphylactic reactions to
food, 2001–2006. J Allergy Clin Immunol 2007;
119(4):1016–8.

39. Rance F, Juchet A. Bremont F. Dutau G.
Correlations between skin prick tests using
commercial extracts and fresh foods, specific IgE.
and food challenges. Allergy 1997: 52: 1031-5.

51. Jarvinen KM, Sicherer SH, Sampson HA,
Nowak-Wegrzyn A. Use of multiple doses of
epinephrine in food induced anaphylaxis in children.
J Allergy Clin Immunol 2008; 122(1):133–8.

40. Arinola OG, Afolabi KA, Olopade CO.
Immunological skin tests and hematological indices
in Nigerian users of skin lightening creams. EDOJ
2011, 7(2):3

52. Osborne NJ, Koplin JJ, Martin PE, Gurrin LC,
Lowe AJ, Matheson MC et al. HealthNuts
Investigators. Prevalence of challenge-proven IgEmediated food allergy using population-based
sampling and predetermined challenge criteria in
infants. J Allergy Clin Immunol 2011 ; 127(3):66876.e1-2. doi: 10.1016/j.jaci.2011.01.039

41. Arinola GO, Oluwole O, Oladokun R, Adedokun
BO, Olopade OI, Olopade CO. Intestinal
helminthic infection increases serum levels of IL-2
and decreases serum TGF-beta levels in Nigerian
asthmatic patients. Open J Immunol 2014; 4: 1 – 8
http://dx.doi.org/10.4236/oji.2014.41001

53. Els C, Boonzaaier L, Green RJ. Atopy in
asthmatic children attending a tertiary hospital in
Pretoria. Curr Allergy Clin Immunol 2010; 23:180-2.

42. Rona RJ, Keil T, Summers C, Gislason D,
Zuidmeer L, Sodergren E, et al. The prevalence
of food allergies: a meta-analysis. J Allergy Clin
Immunol 2007, 120(3):638–46.

54. Awolaju BA, Morenikeji OA. Prevalence and
intensity of intestinal parasites in five communities in
south-west Nigeria. Afr J Biotechnol, 2009; 8
(18):4542-6

43. Zuidmeer L, Goldhahn K, Rona RJ, Gislason D,
Madsen C, Summers C et al. The prevalence of
plant food allergies: a systematic review. J Allergy
Clin Immunol 2008; 121(5):1210–8.

55. Chukwuma MC, Ekejindu IM, Agbakoba NR,
Ezeagwuna DA, Anaghalu IC, Nwosu DC. The
Prevalence and Risk Factors of Geohelminth
Infections among Primary School Children in
Ebenebe Town, Anambra State, Nigeria. MiddleEast J Sci Res, 2009; 4(3): 211-5

44. Ige OM, Falade AG, Arinola OG. Atopy is a riskfactor for adult asthma in urban community of
Southwestern Nigeria. Lung India 2012, 29(2):114 –
9.
45. Hadley C. Food allergies on the rise? Determining
the prevalence of food allergies, and how quickly it is
increasing, is the first step in tackling the problem.
EMBO Rep 2006; 7(11): 1080–3. doi:
10.1038/sj.embor.7400846
46. Linneberg A. Increase in allergy: a global challenge.
Drugs Today (Barc). 2008; 44 (Suppl B):5–10.
47. Pawankar R, Baena-Cagnani CE, Bousquet J,
Cruz AA, Kaliner MA, Lanier BQ, et al. State of
World Allergy Report 2008: allergy and chronic
respiratory diseases. World Allergy Org J
2008;1(Suppl):S4–S17
48. Colver AF, Nevantaus H, Macdougall CF, Cant
AJ. Severe food-allergic reactions in children across
the UK and Ireland, 1998–2000. Acta Paediatr 2005;
94(6):689–95.
49. Uguz A, Lack G, Pumphrey R, Ewan P, Warner J,
Dick J et al. Allergic reactions in the community: a
questionnaire survey of members of the anaphylaxis
campaign. Clin Exp Allergy. 2005; 35(6):746–50.

56. Jimenez-Gonzalez DE, Marquez-Rodriguez K,
Rodriguez JM, Gonzales X, Oxford J, Sanchez
R et al. Prevalence and risk factors associated with
intestinal parasites in a rural community of central
Mexico. J Parasitol Vector Biol, 2009; 1(2): 9-12
57. Cooper PJ. Interactions between helminth parasites
and allergy Curr Opin Allergy Clin Immunol 2009;
9(1): 29–37. doi:10.1097/ACI.0b013e32831f44a6.
58. Von Mutius E, Vercelli D. Farm living: effects on
childhood asthma and allergy. Nat Rev Immunol
2010; 10(12):861–8.
59. Rujeni N, Taylor DW, Mutapi F. Human
Schistosome Infection and Allergic Sensitisation. J
Parasitol Res 2012; Article ID 154743,
doi:10.1155/2012/154743
60. Maizels RM, Yazdanbakhsh M: T-cell regulation in
helminth parasite infections: implications for
inflammatory diseases. Chem Immunol Allergy 2008,
94:112–23.
61. Van Riet E, Retra K, Adegnika AA, Jol-van der
Zijde CM, Uh HW, Lell B et al. Cellular and
humoral responses to tetanus vaccination in
Gabonese children. Vaccine 2008, 26:3690–5.

29

