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A comparison of African and European serum levels
of immunoglobulin E
V. HOUBA1 & D. S. ROWE 2

The mean level ofserum IgE in Nigerian blood donors is significantly higher than those in
expatriates living in Nigeria and in Swiss blood donors. The examination ofserum IgE levels
(by the radioactive single radial diffusion technique) in Nigerian patients with different
diseases, in asthmatic children with matched controls in Ghana, and in subjects from
malarious and non-malarious areas of Tanzania indicates that high IgE levels in Africans
may not be.due to malaria, vesical schistosomiasis, or onchocerciasis infections. A marked
difference, however, was found between African subjects with positive and negative findings
ofstool parasites; they had higher and lower mean levels ofserum IgE, respectively. It seems
that, in an African population where the serum IgE levels are raisedfor other reasons, a rise
in IgE in association with allergic conditions such as asthma may not be apparent.

Immunoglobulin E (IgE) has been recognized as a
distinct class of human immunoglobulin and its
structure, physicochemical properties, and biological
properties have recently been reviewed (2). Sensitive
techniques for its estimation, such as the radioactive
immunoabsorbent test (12) and the radioactive single
radial diffusion test (16), have also been developed
(7).
The serum concentrations of IgE in healthy chil-.

dren and adults are much lower than those of the
major immunoglobulin classes (IgG, IgA, and IgM).
Significantly high levels of IgE, however, were
reported in the sera of children and adults with
allergic conditions (3, 9-11, 20), although normal
levels were not excluded. Raised levels of serum IgE
were also reported in subjects with parasitic diseases
(1, 8, 12, 15) and in children and adults living in
tropical countries (Johansson et al. (12) from Ethio-
pia; Wilson, personal communication, from Gambia;
Rowe et al. (19) from Niger).

In a first study in 1968, the serum IgE levels in
Nigerian (Ibadan) blood donors were found to be
significantly higher than those in Swiss blood donors
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from Lausanne. This difference stimulated the investi-
gation of serum IgE levels in African patients in
Nigeria, Ghana, and Tanzania having different tro-
pical diseases or allergic conditions, as well as in
normal control subjects.

Sera from expatriates living in Nigeria for different
periods of time were included for comparison. An
attempt was also made to associate the IgE levels with
the presence or absence of stool parasites in 4 groups
of patients and with the results of skin tests on a
group of cocoa bean workers. This paper describes
these studies.

MATERIALS

The serum samples were collected from blood
obtained by venepuncture in the majority of cases or
from fingerpricks (sera from Tanzania). All the sera
were kept frozen until tested. The sera from the
following subjects were studied:

(a) Blood donors in Ibadan, Nigeria. In 1968, sera
were collected from 76 Nigerian donors (70 males and
6 females, aged 19-37 years) during the dry season,
and from 101 donors (95 males and 6 females, aged
20-39 years) during the rainy season. In 1971, sera
were collected from 94 male donors aged 20-29 years.
All the specimens were provided by the Blood
Transfusion Service, University College Hospital,
Ibadan, Nigeria.
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(b) Blood donors in Lausanne, Switzerland. Sera
from 100 Swiss blood donors were provided by
Dr Vuilleret.

(c) Expatriates living in Ibadan, Nigeria. Sera from
72 expatriates (40 males and 32 females, aged 22-57
years), resident in Nigeria for different periods of time
(from 1 month to 18 years) were provided by Dr J.
Smith, University College Hospital, Ibadan, Nigeria.
The majority were from the United Kingdom; the
remainder came from other European countries, the
USA, and Canada.

(d) Patients with vesical schistosomiasis in Ibadan,
Nigeria. Sera from 35 Nigerian patients with con-
firmed vesical schistosomiasis were provided by
Dr A. B. 0. 0. Oyediran, University College Hospi-
tal, Ibadan, Nigeria. There were 31 males and
4 females, aged 7-51 years.

(e) Patients with onchocerciasis and loiasis in
Ibadan, Nigeria. Sera from 18 Nigerian patients with
confirmed onchocerciasis (9 males and 9 females,
aged 16-60 years), and 13 patients with loiasis
(6 males and 7 females, aged 14-50 years) were
provided by the same source mentioned in (d).

(f) Allergic patients in Ibadan, Nigeria. Serum
specimens from 30 Nigerians with symptoms of
allergy to different drugs, or with urticaria, eczema,
and similar conditions, who had been examined at the
Department of Medicine (Dermatology), University
College Hospital, Ibadan, were provided by Dr 0.
Soyinka and Dr M. A. 0. Soyanwo. Eight of them
had also onchocerciasis.

(g) Cocoa bean workers in Ibadan, Nigeria. Sera
from 35 Nigerian cocoa bean workers of the Cocoa
Research Institute, who had different allergic symp-
toms and were seen at the Department of Medicine,
University College Hospital, Ibadan, Nigeria, were
provided by Dr E. 0. Sofowora. All were males, aged
15-50 years. All but 2 of them were tested for skin
reactivity against Aspergillus fumigatus antigen
(Beecham Laboratories, England) by the drop tech-
nique. The skin reactions (erythema, itching) were
read after 30 min and recorded according to the size
of the reaction into grades 1-4. None of the patients
showed a delayed type of reaction when read after
16-20 h.

(h) Asthmatic children in Accra, Ghana. Sera from
41 Ghanaian children (27 males and 14 females, aged
between 7 months and 6 years) suffering from asth-
matic bronchitis were provided by Dr F. K. N'Kru-
mah, Department of Child Health, Accra, Ghana.

(i) Control group of children in Accra, Ghana.
Sera from 24 Ghanaian children (13 males and 11
females, aged between 9 months and 5 years), admit-
ted with illnesses not involving the respiratory system
or showing clinical symptoms of allergy, were pro-
vided by the same department mentioned in (h).

(j) Malarious area in Misongeni, Tanzania. Serum
samples were obtained from 53 Tanzanians (22 males
and 31 females, aged between 2 months and 60 years)
living in Misongeni, North Eastern Tanzania, located
about 610m above sea level. Malaria in this area is
highly endemic and transmission occurs perennially
with some seasonal fluctuations. Malaria parasites
(mainly P. falciparum) in blood smears were found in
25% of subjects and antibodies to P. falciparum were
present in the sera of all subjects (the range of titres by
immunofluorescence was 1: 30 to 1: 1620).

(k) Non-malarious area in Useri, Tanzania. Serum
samples were obtained from 46 Tanzanians (27 males
and 19 females, aged between 6 months and 60 years)
living in Useri, located on the slopes of Kilimanjaro
Mountain at approximately 1370 m above sea level
and free from transmission of malaria. No malaria
parasites were detected in the blood smears of these
subjects and the titres of malaria antibodies were
<1: 30. All serum samples from groups (j) and (k)
were provided by Dr Y. G. Matola, East African
Institute of Malaria and Vector-borne Diseases, Ama-
ni, Tanzania. Serum samples were obtained from five
capillary tubes filled with fingerprick blood from each
person. The tubes were sealed, transferred in a
vacuum flask at 4-8'C to the laboratory at Amani,
and centrifuged in a microhaematocrit centrifuge.
The capillary tubes were cut at the blood-plasma
interface, sealed with modelling clay (Plasticine),
stored at -700C, and sent to Ibadan for estimation of
IgE and malaria antibodies (indirect immunofluores-
cence test). The examination of blood smears for
parasites was carried out at Amani.

METHODS

Estimation ofIgE
The method of radioactive single radial diffusion

described by Rowe (16) was used for all IgE estima-
tions. Antiserum to human IgE (batch No. M28E)
was prepared by immunization of sheep with isolated
E-myeloma protein PS with complete Freund's ad-
juvant and rendered specific by absorption with
insoluble normal human serum. The final concentra-
tion of the antiserum used in the tests was 1: 2 000.
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Rabbit anti-sheep IgG was prepared and labelled
with I125 as already described (13, 16). The Research
Standard for human serum IgE 68/341 was used and
the values of IgE concentration were expressed in
international units (17, 18).

All the sera were first tested undiluted and, depend-
ing on the size of the precipitin rings, retested either
undiluted (low IgE levels) or diluted 1: 5 or 1: 10
with phosphate-buffered saline (high IgE levels). All
tests were carried out in duplicate and the precipitin
zones (areas of blackening of the Kodirex X-ray film
emulsion) were measured with a comparator having a
scale divided in 0.1 mm.

Examination of stool parasites
Microscopic examination of stool specimens for

the presence of parasites was carried out in many
subjects but only groups (b), (c), (g), and (h) were

completed. The most common parasites were the ova
of Ascaris, Trichuris, and hookworm, the larvae of
Strongyloides, and cysts of Entamoeba histolytica.

Estimation of malaria antibodies
The indirect fluorescent antibody test described by

Voller and O'Neill (22) with antigen slides of P. falci-
parum and P. malariae, kindly supplied by Dr A.
Voller, Nuffield Institute of Comparative Medicine,
London, was carried out using anti-human IgG
conjugate.

RESULTS

Table 1 shows the distribution of IgE levels in the
serum of blood donors in Ibadan and Lausanne tested
in 1968. IgE was not detectable (< 100 IU/ml) in 64%

of Lausanne donors and the highest level found was
1 600 IU. On the other hand, the majority of Ibadan
donors (78%) had IgE levels >2 000 IU/ml, the
highest being >20 000 IU/ml. The difference between
both groups was statistically significant (P< 0.01).
The Ibadan sera were collected on two occasions
(during dry and rainy seasons) because of the possibil-
ity of seasonal differences with regard to malaria
transmission; there was no significant difference in
the results, the proportion of donors with an IgE level
between 2 000 IU and 10 000 IU being the same in
both groups. All the Nigerian donors were repeatedly
exposed to malaria infection. The mean titres of
malaria antibodies in sera collected during the dry
season were 1: 1 280 to P. falciparum and 1: 320 to
P. malariae; in sera collected during the rainy season
they were 1: 1 620 to P. falciparum and 1: 320 to
P. malariae.
The geometric means of serum IgE levels, the 95%

confidence limits, and the distribution of levels in the
sera ofsubjects tested in 1969-72 are shown in Table 2.
Relatively healthy blood donors from Ibadan had the
highest mean level of IgE, which was significantly
higher than that in expatriates living in Ibadan (P =
< 0.01). No difference was found between the levels of
IgE in expatriates living in Ibadan for less than 1 year
and for more than 5 years. Antibodies to P. falci-
parum (range of titres 1: 40 to 1: 320) were detected
in the sera of 8 expatriates; all of them had low IgE
levels. There was no difference between males and
females in this group.
The IgE levels in the remaining groups (Table 2)

showed intermediate means and covered a wide
range, the highest IgE concentration being recorded

Table 1. Percentage distribution of serum IgE levels in blood donors from Ibadan
(Nigeria) and Lausanne (Switzerland)

Ibadan Lausannne
IgE (lU/ml) dry season rainy season both seasons 1 d

(76 donors) (101 donors) (177 donors) ( 00 onors)

< 2 000 22 22 22 100

2000-3999 9 19 14 0

4 000-5 999 22 8 1 5 0

6000-7999 20 16 18 0

8 000-9 999 1 1 1 9 1 5 0

>10000 16 16 16 0

541



V. HOUBA & D. S. ROWE

Table 2. Levels of serum IgE (geometric means) and their percentage distribution in different groups in Ibadan,
Nigeria

Blood donors Expatriates Schistosomiasis Onchocerciasis Cocoa bean Allergicworkers patients

No. tested 94 72 35 30 35 30

Mean level of IgE (lU/mi) 2 970 280 1 850 1 660 1 810 2170

95 % confidence limits 460-18 980 30-2 730 330-10 270 300-9 110 230-14 410 170-27 060

IgE (lU/ml):

< 2 000 28 100 57 57.5 52 47

2000-3 999 26 0 17 27.5 11 7

4 000-5 999 23 0 14 4 29 13

6 000-7 999 11 0 6 5.5 3 13

8 000-9 999 10 0 6 5.5 5 10

> 10000 2 0 0 0 0 10

in an allergic patient. Tests for skin reactivity to
Aspergillus fumigatus antigen in 33 cocoa bean
workers showed some correlation with IgE levels
(Table 3): 16 subjects with negative skin tests had a
mean level of 940 IU of serum IgE, whereas patients
with positive skin tests had higher levels.
There was no significant difference between IgE

levels in the sera of subjects from malarious (Mison-
geni) and non-malarious (Useri) areas of Tanzania
(Table 4); the IgE concentrations were also seen to
increase with age, reaching a maximum with the age
group 30-39 years. No significant difference in IgE
levels was found between Ghanaian asthmatic chil-
dren and their controls (Table 4).

Table 5 shows the IgE levels in Ghanaian children
and Nigerian adults in relation to the presence or

Table 3. Comparison between concentrations of serum
IgE and the results of skin tests (with Aspergillus
fumigatus antigen) in cocoa bean workers from
Ibadan, Nigeria

No. Serum IgE (lU/ml)
tested Skin test result

geometric mean range

16 negative 940 230-5 250

8 weakly positive 2320 620-6750

5 positive 3480 1 760-8250

4 strongly positive 6 700 5 000-8 250

absence of stool parasites at the time of investigation:
higher levels were found in subjects with stool
parasites.

DISCUSSION

The serum levels of IgE in blood donors in Ibadan
were much higher than those of Swiss donors and of
expatriates living in Ibadan. This finding was ob-
tained when the 1968 serum samples were tested in the
WHO Centre in Lausanne, and with the 1971 samples
as tested in the WHO Centre in Ibadan.
Could malaria have contributed to the high levels

of IgE in Ibadan donors? This possibility seems
unlikely because (1) no significant difference in IgE
levels was found between populations from malarious
and non-malarious areas in the Tanzanian serum
samples; (2) the few expatriates from Ibadan who
were exposed to malaria infection and had positive
antibodies in their serum had low levels of IgE; and
(3) patients in Ibadan with other diseases (schistoso-
miasis, onchocerciasis), who had also been exposed
to malaria for long periods, had lower levels of IgE
than relatively healthy blood donors.
Both the group of children in Ghana and the group

of adults in Ibadan showed higher mean levels of IgE
in association with stool parasites. However, some
individuals, who were positive for parasites, had low
IgE levels. Unfortunately, for technical reasons, it
was not possible to test for the presence of stool
parasites in the groups of blood donors. This associa-
tion of higher IgE levels with parasitic infections is in
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Table 4. Comparison of serum IgE levels and their percentage distribution in asthmatic
and non-asthmatic children in Ghana, and in adults living in malarious and non-
malarious areas of Tanzania

Ghana (children) Tanzania (adults)

control group asthmatic malarious area non-malarious

No. tested 24 39 53 46

IgE geometric mean level 970 930 1 130 1 180
(lU/ml)

95 % confidence limits 130-7 030 150-5 880 280-4 530 200-6 950

IgE (lU/mi):

< 2000 75 82 77 70

2000-3 999 13 5 19 20

4 000-5 999 8 8 4 4

6 000-7 999 4 2.5 0 2

8 000-9 999 0 2.5 0 4

> 10000 0 0 0 0

agreement with the findings reported in patients
infected with Ascaris lumbricoides (12), Necator ame-

ricanus (1), and Nippostrongylus braziliensis (4). Al-
though Rosenberg et al. (15) described a significant
decrease of originally high levels of IgE in patients
with capillariasis after treatment, Noeriasin (14)
found elevated IgE levels (after treatment) in a

Javanese population endemically infected with An-
cylostoma duodenale and Necator americanus. The
high IgE levels after treatment may be related to the
release or exposure of antigens in dying parasites
which stimulate the formation of IgE and of anti-
bodies in other immunoglobulin classes. A similar
finding was described in patients with trypanosomia-

Table 5. Geometric mean levels of serum IgE (lU/mI) and their percentage distribution
in Ghanaian children (asthmatic and control groups combined) and in Nigerian adults
(schistosomiasis and onchocerciasis groups combined) in relation to the presence
or absence of stool parasites

Stool parasites in

children (Ghana) adults (Nigeria)

positive negative positive negative

No. tested 40 23 33 11

IgE mean level (lU/mI) 1 200 730 2120 870

IgE (lU/ml):

< 2000 72.5 92 42 91

2000-3 999 10 4 28 9

4000-5999 10 4 12 0

6000-7999 5 0 12 0

8 000-9 999 2.5 0 6 0

> 10000 0 0 0 0
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sis after treatment with anti-trypanosomal drugs (6).
Serum IgE concentrations in subjects with allergy

were recently investigated and, although elevated
levels were frequent, normal levels were not excluded.
Occasionally, individuals with no obvious allergic
symptoms were found to have high IgE levels (3, 11,
20). These studies were on European populations
where IgE levels are normally very low. The findings
reported here show that in populations where the
serum IgE is already high, an elevation related to an
allergic illness may not be demonstrable. Thus, in
Ghana, the mean level of IgE in asthmatic children
was 930 IU/ml and in a control group was 970 IU/ml
(Table 4). A group of children with allergic asthma in
Bristol (England) was found to have a mean IgE level
of 1 725 IU/ml, i.e., higher than the Ghanaian
asthmatic group. However, the control group in
Bristol had a mean of only 451 IU/ml. Detailed

comparisons between the groups would not be appro-
priate since the circumstances of the studies were
different.

This study provides further indirect evidence that
certain parasites could be responsible for most of the
increase in IgE levels seen in African populations.
Malaria, however, appears to be excluded. The
association with parasites in the gastrointestinal tract
suggests specific stimulation by certain parasite anti-
gens. The biological role of IgE in these situations is
unknown. Studies to identify standard and functional
homologues of IgE in other species, especially to
determine their possible protective role, are required.
The biological significance of high IgE levels in
African subjects remains obscure. Apart from its
mediator role, the possibility that IgE is involved in
the formation of immune-complexes (23) and in local
immunity (5) should be investigated.
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RtSUMt

COMPARAISON DE TAUX SERIQUES D'IMMUNOGLOBULINE E
CHEZ DES AFRICAINS ET DES EUROPEENS

Utilisant la technique de diffusion radiale unique
radioactive, on a determin6 les concentrations s6riques
d'immunoglobuline E (IgE) dans differents groupes de
sujets: 94 donneurs de sang nig6rians (taux moyen d'IgE:
2970 Ul/ml), 35 malades nigerians atteints de schistoso-
miase vesicale (1850 UI/mI), 30 malades nig6rians souf-
frant d'onchocercose ou de loasis (1660 UI/ml), 30 Nige-
rians presentant diverses allergies (2170 UT/ml), 35 travail-
leurs nigerians de plantations de cacao (1810 UI/ml),
72 sujets expatries au Nigeria et originaires du Royaume-
Uni, d'Europe, des Etats-Unis d'Amerique et du Canada
(280 UI/ml), 39 enfants atteints de bronchite asthmatique
(930 UI/ml) et 24 enfants t6moins (970 UI/mI) au Ghana,
53 sujets habitant une r6gion d'endemicite palud&enne
(1130 UI/ml) et 46 vivant dans une zone indemne de
paludisme (1180 UT/ml) en Tanzanie. Les s6rums preleves
chez 100 donneurs de sang suisses (Lausanne) ont et6 testes
aux fins de comparaison (45 UI/ml).

Chez tous les sujets africains, les taux s6riques moyens
d'IgE etaient plus 6lev6s que chez les sujets expatri6s et que
chez les donneurs de sang suisses. I1 n'apparait pas que ces
taux 6lev6s soient dus au paludisme, a la schistosomiase ou
a l'onchocercose. On a constat6 une certaine corr6lation
entre la positivit6 du test cutan6 avec l'antigene Aspergillus
fumigatus et la teneur des serums en IgE chez les
travailleurs de plantations. D'autre part, les enfants
atteints de bronchite asthmatique et les enfants t6moins
pr6sentaient des taux d'IgE tres voisins. Par contre, des
diff6rences marqu6es des taux d'IgE ont et6 relev&es entre
enfants porteurs (taux moyen: 1200 UI/ml) ou indemnes
(730 UT/ml) de parasites intestinaux, de meme que chez
les adultes (parasites: 2120 UI/ml; non parasites: 870
UI/ml).

Selon les auteurs, il existe de multiples causes a la hausse
des taux d'IgE chez les Africains, ce qui risque d'en rendre
difficile 1'etude aL des fins cliniques.
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