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Background: Asthma is not well investigated in equatorial Africa and little is

known about the disease-associated allergen molecules recognized by IgE from

patients in this area. The aim was to study the molecular IgE sensitization profile

of asthmatic children and young adults in a semi-rural area (Lambaréné) of an

equatorial African country (Gabon), to identify the most important allergen

molecules associated with allergic asthma in equatorial Africa.

Methods: Fifty-nine asthmatic patients, mainly children and few young adults,

were studied by skin prick testing to Dermatophagoides pteronyssinus (Der p),

D. farinae (Der f), cat, dog, cockroach, grass, Alternaria and peanut. Sera were

obtained from a subset of 35 patients, 32 with positive and 3 with negative skin

reaction to Der p and tested for IgE reactivity to 176 allergen molecules from

different allergen sources by ImmunoCAP ISAC microarray technology and to

seven recombinant Blomia tropicalis (Blo t) allergens by IgE dot blot assay.

Results: Thirty-three of the 59 patients (56%) were sensitized to Der p and 23 of

them (39%) were also sensitized to other allergen sources, whereas 9 patients

(15%) were only sensitized to allergen sources other than Der p. IgE serology

analyses (n=35) showed high IgE-binding frequencies to the Blo t allergens Blo t

5 (43%), Blo t 21 (43%) and Blo t 2 (40%), whereas the Der p allergens rDer p 2,

rDer p 21 and rDer p 5 (34%, 29% and 26%) were less frequently recognized. Only

few patients showed IgE reactivity to allergens from other allergen sources,
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except to allergens containing carbohydrate determinants (CCDs) or to wasp

venom allergens (i.e., antigen 5).

Conclusion:Our results thus demonstrate that IgE sensitization to mite allergens

is very prevalent in asthmatics in Equatorial Africa with B. tropicalis allergen

molecules representing the most important ones associated with allergic

asthma.
KEYWORDS

allergy, allergens, asthma, equatorial Africa, allergen microarray, Blomia
tropicalis, Dermatophagoides
Introduction

Asthma is a common chronic respiratory disease and an

increasing health problem worldwide (1). The prevalence of

asthma is very high in developed countries, but there is evidence

that in some areas of the Western world it may have plateaued (2).

In developing countries the prevalence is rising but still lower than

in Western Countries (3). However, it is assumed that in urban

areas asthma might soon reach the prevalence rates of Western

Countries, probably also due to fungal infections (4–6).

Additionally, the International Study of Asthma and Allergies in

childhood (ISAAC) showed that the prevalence of asthma in

children varied considerably between different African countries

(between 5.7% in Yaoundé, Cameroon and 19.9% in Brazzaville,

Congo) (4). In Gabon, the prevalence of asthma in children aged 13-

14 years was 10.2%, but most studies performed so far included only

urban populations and little attention has been paid to rural

populations (4). Studies from other African countries also

indicated that prevalence rates of asthma were considerably

higher in urban than in rural areas (7).

It has long been known that sensitization to allergen sources like

house dust mites (HDM), cat, dog and grasses is a major risk factor

for the development of asthma (8, 9). In tropical countries, asthma

is strongly associated with sensitization to HDMs and Blomia

tropicalis (10, 11). Few studies performed in Western and

equatorial Africa in recent years pointed out that sensitization to

mites and cockroaches could be a risk factor for the development of

asthma in these areas (12–14). However, little is known about the

mite and cockroach species responsible for sensitization in Africa

and there is little information about the IgE-sensitization profiles of

African asthmatic patients to individual allergen molecules.

Previous studies showed that IgE-reactivity profiles to individual

HDM allergens varied considerably between different populations,

probably because of different mite species and/or cross-reactivity to

allergens from other allergen sources (15–19). In tropical and

subtropical regions, it has been shown that the mite species B.

tropicalis is prevalent, which shows only limited IgE cross-reactivity

with other mite species (20–22), but in South Africa, sensitization to

HDM allergen molecules dominated (17, 18, 23). The identification
02
of the relevant mite species/allergens in Africa is crucial for the

implementation of personalized and allergen-specific treatment and

prevention strategies, in particular for allergen-specific

immunotherapy (24, 25). Skin prick testing (SPT) with allergen

extracts cannot discriminate between genuine sensitizations to

HDM or Blomia because of cross-reactivity between certain

allergens. So far molecular data are only available for South

Africa and Zimbabwe indicating that HDM sensitization but not

sensitization to Blomia is important (17, 18, 26). No molecular

sensitization profiles have yet been established for tropical African

regions such as Equatorial Africa.

Allergen microarrays can be used to determine patients’ IgE

sensitization profiles to a panel of individual allergens and allow to

distinguish between genuine and cross-sensitization to a certain

allergen source (27).

In this study, 59 children and young adults (2-18 years) from a

semi-rural area of Gabon, located in Equatorial Africa, with

confirmed asthma were skin prick tested with eight different

allergen sources, which showed that 56% of the asthmatics were

sensitized to HDMs. Sera of these patients were tested for IgE-

reactivity to 176 allergens from different allergen sources

Interestingly, the analysis with micro-arrayed allergen molecules

revealed that asthmatics from Equatorial Africa were mainly

sensitized to allergens from Blomia tropicalis but less to

Dermatophagoides and their IgE-reactivity profiles were different

from those found in the Western world and in other geographic/

climate areas in Africa. Thus this is the first study demonstrating

that genuine sensitization against Blomia tropicalis is responsible

for allergic asthma in Africa.
Methods

Study population

Fifty-nine children and young adults at the age of 2-18 with

confirmed asthma were recruited consecutively from the area of

Lambaréné, district of Moyen Ogooué (Gabon). Asthma symptoms

were confirmed by functional investigations (FEV1 measurements
frontiersin.org
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and reversibility after bronchodilator (except in 18 cases when the

children did not perform the test because of lack of collaboration

due to low age), oxygen saturation measurements). Severity of

asthma was classified according to clinical criteria according to

GINA recommendations. All participants were tested by skin prick

testing (SPT) to 8 different allergen sources: 2 house dust mite

extracts (Dermatophagoides pteronyssinus and Dermatophagoides

farinae), cat and dog extracts, cockroach, grass pollen

extract, Alternaria and peanut extracts (Alk-Abello, Horsholm,

Denmark). Sera could be obtained from 35 of the individuals, 32

of them had perennial symptoms and positive skin prick test

reactions to Dermatophagoides extracts, the other 3 (#33-35) were

negative to Dermatophagoides (Table 1A, Figure 1). Written

informed consent was obtained from the parents of the

participants. Specific IgE antibodies to Dermatophagoides were

quantified by ImmunoCAP (d1 ImmunoCAP, ThermoFisher/
Frontiers in Immunology 03
Phadia, Uppsala, Sweden). IgE reactivity to a panel of purified

mite allergens as well as to allergens from different allergen sources

was analyzed with a customized version of the ImmunoCAP ISAC

microarray (MedALL allergen-chip) (Thermo Fisher Scientific,

Uppsala, Sweden) (28). Table 1 summarizes the demographic and

clinical data of the patients. Table 2 shows the classification of the

asthma severity. The study was approved by the Comité d’Ethique

Institutionnel of the research center of Medical research of

Lambaréné (Cermel) (CEI-MRU 01/2014) and by the Ethics

Committee of the Medical University of Vienna (EK 1641/2014).
Skin prick testing

SPT were performed on the forearm, in the absence of

antihistamine intake for at least one week (Alk-Abello, Horsholm,
TABLE 1 Demographic and clinical characterization of the study population.

A: Demographic and clinical characterization of the 35 patients for whom IgE serology was done

Asthma Der p skin prick test (mm)

Sex Age Size severity spec. IgE Histamine Cat Dog Der p Der f grass peanut cockroach

1 F 4 107 2 12.8 5 0 0 6 4 0 0 0

2 M 12 144 1 4.6 6 0 0 3 3 0 0 0

3 F 15 170 1 1.1 5 0 3 3 3 0 0 ND

4 M 11 151 1 61.0 5 0 0 5.5 5 0 0 0

5 M 7 120 1 2.2 4 0 0 3 0 0 0 0

6 M 11 146 1 0.1 6 0 0 3 0 0 0 ND

7 F 7 133 1 92.5 6 0 0 7 2 0 0 0

8 F 16 165 2 7.7 5 0 0 3 3 0 0 ND

9 M 10 157 1 52.5 6 0 0 4 3 0 0 0

10 M 13 182 1 1.6 5 0 0 5 4 0 0 0

11 M 13 154 4 >100 6 3 0 6 7 2 0 3

12 F 11 163 1 0.1 8 0 3 3 0 0 0 0

13 M 11 158 3 15.2 6 0 4 4 6 0 4 0

14 M 16 173 1 43.6 8 5 0 7 7 0 5 4

15 M 10 137 2 >100 6 0 0 8 7 0 0 4

16 M 6 116 1 >100 6 0 0 4 4 3 0 0

17 M 4 112 1 3.3 5 0 0 4 4 0 0 3

18 F 14 162 1 0.3 5 0 0 3 3 0 0 3

19 F 10 160 1 0.0 4 3 0 3 3 3 3 0

20 M 9 138 1 0.3 6 0 3 4 3 0 0 0

21 M 4 108 1 0.1 5 0 0 3 0 0 3 0

22 F 3 109 1 0.0 4 2 0 0 2 2 2 0

23 M 13 153 2 33.8 8 0 0 6 6 0 0 5

(Continued)
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TABLE 1 Continued

A: Demographic and clinical characterization of the 35 patients for whom IgE serology was done

Asthma Der p skin prick test (mm)

Sex Age Size severity spec. IgE Histamine Cat Dog Der p Der f grass peanut cockroach

24 F 9 134 1 0.1 7 2 0 2 2 2 2 3

25 M 2 86 1 0.0 5 0 0 3 3 0 4 ND

26 F 12 150 1 0.0 5 4 2 3 2 0 3 0

27 M 17 180 2 6.2 6 3 0 3 5 0 0 3

28 F 7 131 1 33.5 5 3 3 4 3 0 0 3

29 M 18 181 1 0.4 8 0 0 0 4 0 4 3

30 F 15 162 2 0.0 5 3 3 3 3 0 0 ND

31 M 14 164 1 67.5 7 5 9 5 5 0 0 3

32 M 6 130 1 17.3 5 2 0 2 3 0 0 4

33 F 5 ND 1 0.4 6 0 0 0 0 0 0 0

34 M 12 151 1 0.5 8 0 0 0 0 4 0 4

35 M 4 100 1 0.0 3 0 0 0 0 3 0 ND

B: Demographic and clinical characterization of the remaining patients without IgE serology

Asthma skin prick test (mm)

Sex Age Size severity Histamine Cat Dog Der p Der f grass peanut cockroach Alternaria

36 F 17 162 2 6 0 0 0 0 0 0 ND ND

37 M 14 169 2 6 0 0 0 0 0 0 ND ND

38 M 5 111 2 5 0 0 0 0 0 0 ND ND

39 F 11 143 2 6 0 0 0 0 0 0 0 0

40 M 2 91 1 8 0 0 0 0 0 0 ND ND

41 F 6 112 1 3 0 0 0 0 0 0 0 0

42 F 6 126 2 5 0 3 0 0 0 3 0 0

43 F 5 ND 1 6 0 0 0 0 0 0 3 3

44 F 5 116 1 5 0 0 0 0 0 0 0 0

45 M 3 ND 1 5 0 0 0 0 0 0 0 0

46 M 7 116 1 5 0 0 0 0 0 0 0 0

47 F 5 116 1 6 0 0 0 0 0 0 0 0

48 M 2 93 2 4 0 0 0 0 0 0 0 0

49 F 17 156 3 4 0 0 0 0 3 0 0 0

50 M 11 145 1 5 0 0 0 0 0 0 0 0

51 F 2 94 2 5 0 0 0 0 0 0 0 0

52 F 6 121 1 3 2 0 0 0 2 0 0 0

53 F 5 110 2 5 0 0 0 3 3 0 3 0

54 M 7 123 1 6 0 0 0 0 0 0 0 0

55 M 2 ND 3 6 0 0 0 0 0 0 0 0

(Continued)
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Denmark). The test was considered positive if the greatest diameter

of the wheal was >3 mm or >50% of the greatest diameter of the

positive control (histamine solution at 1/1000) (29). Each positive

test was recorded in mm, by measuring the greatest diameter of the

wheal (Table 1). Erythema could not be measured according to the

black color of the skin.
Quantitative IgE ImmunoCAP
measurements

Specific IgE antibodies to D. pteronyssinus (d1) (cut-off > 0.35

kU/L) were measured according to the manufacturer’s instructions

on an ImmunoCAP 100 instrument (Thermo Fisher Scientific,

Uppsala, Sweden).
Micro-array assay

A customized version of the ImmunoCAP ISAC microarray

(MedALL allergen-chip) (Thermo Fisher Scientific, Uppsala,

Sweden) for measuring allergen-specific IgE to 176 allergens from

different allergen sources was used (25). For comparing micro-array

results with skin test results performed with allergen extracts,

allergens indicative for D. pteronyssinus sensitization were: nDer

p 1, rDer p 2, rDer p 4, rDer p 5, rDer p 7, rDer p 10, rDer p 11, rDer

p 14, rDer p 15, rDer p 18, rDer p 21, rDer p 23 and rDer p 37;

allergens indicative for grass pollen sensitization were: rPhl p 1, rPhl

p 2, nPhl p 4, rPhl p 5b, rPhl p 6, rPhl p 7, rPhl p 11, rPhl p 12;

allergens indicative for cockroach sensitization were: rBla g 1, rBla g

2, rBla g 5, nBla g 7; allergens indicative for cat sensitization were:

rFel d 1, nFel d 2, rFel d 4; allergens indicative for dog sensitization

were: rCan f 1, rCan f 2, nCan f 3, rCan f 4, rCan f 5, rCan f 6; and

allergens indicative for peanut sensitization were: Ara h 1, rAra h 2,

Ara h 3, nAra h 6, rAra h 8, rAra h 9. Detection of IgE reactivity was

performed as described (25) and levels of allergen-specific IgE

antibodies were reported in ISAC Standardized Units (ISU) with

a cut-off of 0.1 ISU.
TABLE 1 Continued

B: Demographic and clinical characterization of the remaining patients without IgE serology

Asthma skin prick test (mm)

Sex Age Size severity Histamine Cat Dog Der p Der f grass peanut cockroach Alternaria

56 M 16 175 4 5 0 0 0 0 0 0 0 0

57 F 7 123 2 8 0 3 0 0 0 0 3 3

58 M 11 151 1 8 0 0 0 0 0 0 4 0

59 F 6 126 1 6 0 6 0 0 3 0 0 0
Asthma severity: 1, intermittent; 2, persistent mild; 3, persistent moderate; 4, persistent severe.
Der p spec. IgE: IgE antibodies to D. pteronyssinus in kUA/l.

ND, not determined.
FIGURE 1

Flowchart of investigations in patients included in the study.
TABLE 2 Overview of asthmatic children and young adults according to
type and severity of asthma.

A, all 59 patients

Asthma severity n=59 age range (median)

intermittent 39 (66%) 2-18 (7)

Persistent mild 15 (25%) 2-17 (10)

Persistent moderate 3 (5%) 2-17 (9)

Persistent severe 2 (3%) 14-16 (15)

B, 35 patients of the study with serology

Asthma severity n=35 age range (median)

intermittent 27 (77%) 2-18 (10)

Persistent mild 6 (17%) 4-17 (14)

Persistent moderate 1 (3%) 9

Persistent severe 1 (3%) 14
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Purified recombinant B. tropicalis allergens

Recombinant Blo t 5, Blo t 8, Blo t 10 and Blo t 13 were

expressed in E. coli strain BL21 (DE3) and purified as described

(30–33). Blo t 12.0101 was expressed in E. coli strain Origami (DE3)

under native conditions (34). Blo t 2.0104 was synthesized as a

codon optimized sequence based on the gbABG76185 entry and

sub-cloned into pET45b+ (Genscript, Piscataway, USA). Protein

expression was done in Origami (DE3) strain as reported elsewhere

(30). Blo t 2.0104 was obtained by lysing the cells and purified using

nickel-nitrilotriacetic acid (Ni-NTA) resin under native conditions

following recommendations for 6-His tagged proteins produced in

E. coli (QiaExpressionist, Qiagen, Hilden, Germany). Blo t 21.0101

(gbAAX34047.1) coding sequence was amplified from a cDNA

library of B. tropicalis and cloned into pET100 plasmid. Protein

expression was performed in E. coli BL21 DE3 cells. To obtain a

soluble product, cells were resuspended in 50 mM Tris-HCl and 30

mM NaCl pH 7.8, lysed with an ultrasonic dismembrator FB 705

(Fisher Scientific, Pittsburgh PA, USA) and centrifuged at 5000 rpm

for 30 minutes at 4°C. The lysate was then incubated with Ni-NTA

and purified under native conditions. Protein concentration was

determined by densitometry using a BSA standard curve.
IgE dot blotting

Two microliter aliquots of the Blomia tropicalis allergens, rBlo t

2, rBlo t 8, rBlo t 10, rBlo t 12, rBlo t 13 and rBlo t 21 (0.2 mg/ml)

and, for control purposes, BSA were dotted onto nitrocellulose

membrane strips (Schleicher & Schuell, Dassel, Germany).

Nitrocellulose strips containing the dot-blotted proteins were

blocked in buffer A (40mM Na2HPO4, 0.6mM NaH2PO4, pH 7.5,

0.5% Tween 20, 0.5% [w/v] BSA, 0.05% [w/v] NaN3) and incubated

with sera (1:10 in buffer A) from the asthmatic patients and from

one non-allergic individual. Bound IgE antibodies were detected

with 125I-labeled anti-human IgE antibodies (Demeditec

Diagnostics, Kiel, Germany) and visualized by autoradiography

(Kodak film).
Results

Clinical classification of asthma in
Gabonese children and young adults

Themain demographic and clinical characteristics of the asthmatic

children and young adults are summarized in Tables 1A, B. The mean

age of the whole population (n=59) was 9 years (2–18), 11 were less

than 5 years and the gender ratio (girl/boy) was 26/33. Aperiodic

rhinitis was found in 76% of the participants. Most of the individuals

were breast fed (80%) with a mean duration of 12.5 months. Even

though 60% of the patients with functional investigations had lung

obstruction (FEV1 less than 80%), the clinical classification resulted

only in a small number of patients with severe and persistent asthma

(persistent moderate, 5%, persistent severe, 3%) (Table 2A).
Frontiers in Immunology 06
Skin prick testing indicates that most of the
asthmatic patients are sensitized to HDMs

The frequencies of skin prick reactions to eight different

allergen sources are shown in Figure 2A for the 59 asthmatics.

Ten of the patients were not tested with cockroach and Alternaria

extracts, as these extracts were not available at the beginning of the

study (Tables 1A, B). Thirty-three out of the 59 individuals were

sensitized to at least one of the Dermatophagoides species (56%),

four of them were only sensitized to D. pteronyssinus, three only to

D. farinae (Tables 1A, B, Figure 2A). Twenty-three of the 33 HDM

sensitized patients also showed a positive response to one or more

other allergen sources, the other 10 patients were exclusively

sensitized to HDMs. Nine patients were only sensitized to

allergen sources other than HDMs (15%), the remaining 17

patients did not show a positive response to any of the tested

allergen sources (Table 1). Thirty-five % of the patients were

sensitized to cockroach, but only one patient was monosensitized.

The frequencies of positive SPT to the other tested allergen extracts

were considerably lower (cat: 20%, dog: 19%; grass: 19%; peanut:

17% and Alternaria: 8%) (Figure 2A). Two individuals were

exclusively sensit ized to grass pollen extract , but no

monosensitization was found for cat, dog, peanut or

Alternaria (Table 1).
Asthmatics from Gabon show high IgE-
reactivity to Blomia tropicalis as well as
Dermatophagoides allergens

Since more than 50% of the asthmatic Gabonese patients were

sensitized to HDMs, we were interested to study the IgE-reactivity

profile of them to HDM allergens. For this purpose, serum samples

were taken from a subgroup of 32 patients with sensitization to

HDMs, and for control purposes, from 2 patients without

cutaneous reactions to HDMs but with sensitization to other

allergen sources as well as from one individual without positive

skin reaction to any of the tested allergen sources (Figure 1).

Table 1A shows the demographic and clinical characteristics of

these 35 patients. The group of HDM sensitized patients was

comparable to the whole population regarding type and severity

of asthma (Table 2B). The selected subgroup of 35 individuals also

reacted more frequently to cockroach (45% versus 35%), peanut

(26% versus 17%) and cat (31% versus 20%) than the total

population, whereas the frequencies of skin reactions were

comparable for dog, Alternaria and grass between the total

population and the subgroup of HDM sensitized patients

(Figure 2). Sera from the subgroup of 35 asthmatic patients were

tested by ImmunoCAP (d1) for the presence of D. pteronyssinus

specific IgE antibodies. Four patients, who showed only weak

positive cutaneous reactions to HDMs (diameter, 3mm) were

negative for D. pteronyssinus in the ImmunoCAP (Table 1A, Der

p spec. IgE). Further four patients with low D. pteronyssinus specific

IgE levels (0.1 kUA/l) also had only tiny wheal diameters after

testing with HDMs (< 3mm) (Table 1A).
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The IgE reactivity profile of the subgroup of 35 patients to

HDM allergens was determined by microarray technology

(MedALL chip). Interestingly, the highest IgE-binding frequency

was found for the Blomia tropicalis allergen rBlo t 5 (37%) and 12 of

the 13 patients with IgE reactivity to rBlo t 5 had high IgE-levels

(>15 ISU, median IgE level: 65.89) to this allergen (Figure 3). By

contrast, the median IgE level to Der p 5, the HDM allergen

homologous to Blo t 5, was much lower (i.e., 1.31 ISU). The most
Frontiers in Immunology 07
frequently recognized D. pteronyssinus allergens were rDer p 2, rDer

p 21 and rDer p 5 (34%, 29% and 26%, respectively), whereas nDer

p 1 and rDer p 23, which are known as major allergens in European

populations, were only recognized by 11% and 14% of the patients.

However, almost all of these patients had IgE-levels >15 ISU to

nDer p 1 and/or rDer p 23 and the median IgE levels of nDer p 1

(21.65 ISU) and rDer p 23 (30.54 ISU) were comparable to that

of rDer p 2 (26 ISU). The IgE-binding frequencies to other
B

A

FIGURE 2

Frequencies of skin prick reactions to different allergen extracts. Frequencies of reactivity (y-axes) to cat extract, dog extract, D. pteronyssinus
extract, D. farinae extract, grass pollen extract and peanut extract cockroach extract and Alternaria extract (x-axes) are shown (A), for all 59 patients,
(B), for the 35 patients included in the study. For cockroach extract and Alternaria extract, frequencies of reactivity are shown (A), for the 49 patients
and (B), for the 29 patients tested with these extracts.
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D. pteronyssinus allergens varied between 3% (rDer p 11 and rDer p

14) and 17% (rDer p 4) (Figure 3).
Asthmatics from Gabon frequently show
IgE-reactivity to cross-reactive
carbohydrate determinants (CCDs) and to
antigen 5 from wasp

Sera from the 35 asthmatics also showed IgE-reactivity to several

allergens from different allergen sources in ImmunoCAP ISAC. No

significant IgE sensitizations were found for honeybee venom allergens

or the wasp allergen, rVes v 1 but 69% of the patients had IgE to rVes v

5 and 54% to the Ves v 5-cross-reactive allergen, rPol d 5 (Figure 4A).

Interestingly, only few patients showed IgE-reactivity to the major

cockroach allergens, rBla g 2 and rBla g 5, but more than 20% of the

patients reacted to the highly-cross-reactive cockroach tropomyosin,

nBla g 7 (Figure 4A). Similar IgE-binding frequencies were found for

tropomyosins from HDM (rDer p 10, 11%) (Figure 3) and shrimp

(nPen m 1, 14%) (Figure 4H) and several patients had high IgE-levels

(>15 ISU) to the tropomyosins (Figure 4). Only one patient with a

mixed African/European ethnicity (patient #31) showed relevant IgE

reactivity to allergens from animals (Figure 4B). Only few of the

asthmatics were sensitized to the major grass pollen allergens, rPhl p 1

and rPhl p 5 andnoneof the patientswere sensitized to rPhl p 2, 6, 7, 11

or 12 (Figure 4C). On the other hand, high IgE-binding frequencies

(30%) were found for allergens containing cross-reactive carbohydrate

determinants (CCDs) (i.e., nCyn d 1, nPhl p 4) and these patients also

showed IgE-reactivity to other glycosylated allergens (nPla a 2, nJug r

2) (Figures 4D–I). No significant IgE sensitizations were found for tree

pollen allergens of the European tree families Betulaceae andOleaceae

or for weed allergens (Figures 4D, E). Only few patients showed low

IgE-reactivity to allergens from latex and moulds (Figures 4F, G).

Beside the shrimp tropomyosin, nPen m 1, also nPen m 2 and 4 were

recognized by some of the asthmatics, whereas no relevant IgE

sensitization was found to milk or egg allergens (Figure 4H).

Although peanuts are eaten regularly in Gabon, only few patients

had low IgE-levels to peanut allergens. Low levels of IgE-reactivity

were also detected to allergens from other nuts and to wheat

allergens (Figure 4I).
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Comparison of cutaneous tests and
IgE-reactivity to individual allergens

The results of the SPT and the ImmunoCAP ISAC were not

concordant in all patients and the number of patients with

discordant results varied according to the allergen source

(Figure 5). Most patients (19 patients) with positive SPT to D.

pteronyssinus extracts also showed IgE reactivity to recombinant

HDM allergens, whereas for other allergen sources this number was

considerably lower (Figure 5, left columns). For all tested allergen

sources, several patients were found with positive cutaneous tests

but negative test to the individual allergens; however, this number

was rather low (up to 3 patients), if only SPT results >3 mm were

considered positive (Figure 5, central columns). In contrast, some

patients with negative SPTs were positive in ImmunoCAP ISAC, in

particular for grass and peanut allergens (Figure 5, right column).

The IgE-values to the peanut allergens were however very low (<0.3

ISU) and in the case of grass pollen allergens, the CCD-containing

allergens (e.g., nPhl p 4) were recognized which have low clinical

relevance (Figure 5, right columns).
rBlo t 2, rBlo t 5 and rBlo t 21 were the
most frequently recognized Blomia
tropicalis allergens in asthmatics that
were diagnosed as positive to a
D. pteronyssinus extract

When the IgE reactivity profile of the subgroup of 32 Der p-

positive asthmatics was determined by microarray assay, the highest

IgE-binding frequency was found for the Blomia tropicalis allergen

rBlo t 5 (37%) (Figure 3). Therefore, sera from the 32 Der p-positive

and three Der p-negative patients were further tested for IgE-

reactivity to Blomia tropicalis allergens which were not present on

the allergen chip (rBlo t 2, rBlo t 8, rBlo t 10, rBlo t 12, rBlo t 13 and

rBlo t 21) by dot blot assay (Figure 6). The rBlo t 5-specific IgE-

reactivity (43% in dot blot) correlated well with the allergen chip

results, only two patients with very low IgE-reactivity to rBlo t 5 in

the dot blot (patients 5 and 29) were negative in the microarray

assay (Figure 6). High IgE-binding frequencies were also found for

rBlo t 21 (43%) and rBlo t 2 (40%), whereas the other tested

allergens were only recognized by few patients (rBlo t 10, 6%; rBlo t

12, 3%). None of the patients showed IgE-reactivity to rBlo t 8, rBlo

t 13 and the negative control protein, BSA (Figure 6).
Patients with severe asthma reacted more
often to B. tropicalis and HDM allergens
than patients with mild asthma

When we compared patients with an asthma severity score of <2

with those with asthma severity scores of 2-4 regarding IgE binding

frequency and IgE levels to Blo t 5 and HDM allergens, we found that

patients with more severe asthma reacted more often to Blo t 5 and to

HDM allergens than patients with a low asthma severity score
FIGURE 3

Frequencies and intensities of IgE reactivity to individual mite
allergens. Frequencies of IgE reactivity and specific IgE levels (white,
ISU = 0.1-0.99; grey, ISU 1-14.99; black, ISU > 14.99) (y-axis) to 16
mite allergens (x-axis) determined by micro-array analysis are shown
for the 35 patients of the study.
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(Figure 7). Furthermore, allergen-specific IgE levels were higher in

patients with asthma scores 2-4 as compared to patients with asthma

scores <2 (Figure 7). Due to the low number of patients (i.e., n=35), it

was not possible to perform statistical analysis.
Discussion

The International Study of Asthma and Allergies in Childhood

has completed phase 3 and it has now become clear that asthma has

increased in Africa (4). For instance, in the age range 0-15 years, an

increase of 50% of the total number of asthma cases was observed

(35). However, the focus has remained on urban populations and

not many studies have paid attention to rural populations (17).

Furthermore, a systematic investigation of IgE sensitizations in

different climate zones in Africa are lacking. Here we studied the

IgE-sensitization profile of asthmatic children and young adults in a
FIGURE 5

Concordances and discordances between skin prick tests and micro-
array analysis. The number of patients (y-axis) with concordant results
(left bar) or discordant results in skin prick tests and micro-array
(central bar, positive SPT >3mm/negative ISAC, right bar, negative
SPT/positive micro-array) for D. pteronyssinus, grass, cockroach, cat,
dog and peanut (x-axis) are shown for the 35 patients of the study
and for cockroach for the 29 patients tested by SPT.
B

C

D

E

F

G

H I

A

FIGURE 4

Frequencies and intensities of IgE reactivity to individual allergens from different allergen sources. Frequencies of IgE reactivity and specific IgE levels
(white, ISU = 0.1-0.99; grey, ISU 1-14.99; black, ISU > 14.99) (y-axis) to individual allergens from (A), insects, (B), animals, (C), grasses, (D), trees, (E)
weeds, (F), latex, (G), mould, (H), non-plant derived food and (I), plant derived food (x-axis) as determined by micro-array are shown for the 35
patients with IgE serology.
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semi-rural area of equatorial Africa, to identify the most important

allergens involved in allergic asthma in this area.

On the basis of clinical data, we observed a high rate of

intermittent asthma and a rather low rate of more severe asthma

(persistent and severe), which was different to functional data,

which showed a high level of bronchial obstruction. However,

reference values were not available for African children, the only

reference values were established in American black children and

showed lower values (minus 14%) in comparison to Caucasian

children (36).

Seventeen of the 59 asthmatic patients did not show skin sensitivity

with any of the tested allergen extracts. These patients could be

sensitized to an allergen source that was not used for SPT (e.g., B.

tropicalis), but also respiratory virus infections have been shown as

important trigger factors for wheezing attacks, especially in young
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children (37). Thirty-three of our 59 asthmatic patients (56%) showed

positive skin prick test responses to D. pteronyssinus and/or D. farinae

extracts. Previous studies from Zimbabwe reported HDM sensitization

rates between 53% and 67.8% in atopic populations (38, 39) and studies

from tropical Africa (Nigeria and Cameroon) found a HDM-specific

sensitization rate of 45% and 68.9%, respectively, in asthmatic children

(12, 13). In an earlier study performed in 520 schoolchildren of the

district of Lambaréné, 11% of the children were sensitized to

Dermatophagoides species (40). A birth cohort study performed in

Uganda pointed out that the most important allergen sources in sub-

Saharan Africa were Dermatophagoides species (sensitization rate:

18%) and Blomia tropicalis (15%) (41).

The major aim of this study was to determine the molecular

sensitization profile of asthmatic children and young adults with

positive skin prick test to commercial D. pteronyssinus allergen
FIGURE 7

Frequencies of IgE sensitization and IgE levels to Blo t 5 and house dust mite allergens (x-axis) (ISU = 0.1-0.99; ISU 1-14.99; ISU > 14.99) (y-axis) in
patients with different asthma severity scores, 2-4 (left columns) or <2 (right columns).
FIGURE 6

IgE-reactivity to Blomia tropicalis allergens. Dot blotted Blomia tropicalis allergens (rBlo t 2, rBlo t 5, rBlo t 8, rBlo t 10, rBlo t 12, rBlo t 13 and rBlo t
21) and BSA were tested for IgE-reactivity with sera from the 35 asthmatic patients of the study (1-35) and serum from a non-allergic individual (NC).
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extract. Interestingly, we found the highest rate of sensitization for

Blo t 5 from Blomia tropicalis (37%) with very high IgE levels

(median 65.89 ISU), which agrees with results obtained by skin

prick test to commercial B. tropicalis allergen extract in adjacent

countries with the same tropical climate with high temperatures and

high humidity [Nigeria (11) Cameroun (13)]. This finding is in

contrast to molecular studies performed in South Africa where

sensitization to HDM allergens dominated and sensitization to

Blomia allergens (i.e., Blo t 5) was rare (17, 18, 23). The

differences are most likely due to different climatic conditions,

since in Gabon a tropical climate like in Brazil and South Asia

can be found.

It was shown that there is little IgE cross reactivity between most

B. tropicalis and D. pteronyssinus allergens and in our study the IgE

levels of Blo t 5-homologous allergens from D. pteronyssinus (rDer

p 5 and rDer p 21) were much lower than the rBlo t 5 IgE levels (42).

This was also supported by our dot blot results with recombinant

Blo t allergens, which showed that considerably higher IgE-binding

frequencies were found to rBlo t 21 than to rDer p 21, whereas for

rDer p 2 and rBlo t 2 the frequency of reactivity was similar. This

might be due to cross-reactivity between Der p 2 and Blo t 2, or

because we used an isoform (Blo t 2.0104) that is not prevalent in

the mite and might show lower IgE-reactivity (43). It must be noted

that little is known about the distribution of mite species in sub-

Saharan Africa, but there is evidence that B. tropicalis represents an

important mite species also in other regions with a hot and humid

climate (44, 45). Unfortunately, B. tropicalis extracts were not used

for skin prick testing, since it was not expected by the clinical

investigators that Blomia might be a genuinely sensitizing allergen

source in Gabon. When the molecular analysis performed with the

obtained serum samples revealed Blomia as genuinely sensitizing

allergen source, it was not possible to repeat skin testing with

Blomia extracts. The fact that B. tropicalis was the most important

allergen source in this population may have different reasons. One

likely possibility is that B. tropicalis sensitization depends very

much on specific climate conditions, because this mite species can

only survive at high temperatures and humidity (46). In fact, high

frequencies of IgE sensitization to B. tropicalis allergens have been

reported for several countries in South America, Asia and now, as

reported by us, in Africa, which are in the vicinity of the equator

(10, 20, 44). It is also quite possible that hygienic conditions play

and important role (47), but sensitization to B. tropicalis allergens is

also very common in highly industrialized areas in Asia with high

standards of living (48, 49). Yet there may be subtle differences

regarding IgE sensitizations of Gabon patients compared to B

tropicalis-sensitized patients from other regions. For example

Gabon patients did not recognize certain B. tropicalis allergens,

such as rBlo t 13, which is recognized by more than 10% of the

patients in South America (50). This might be caused by differences

in the allergen content between mites of different continents (51).

High sensitization rates were also found for rDer p 2 (34%),

whereas the allergens of group 1 were less frequently recognized

(11%). However, the highest median of IgE titers were found for

rDer p 23 (30.54 ISU), followed by rDer p 2 (26 ISU) and nDer p 1

(21.65 ISU), confirming that these three allergens are important for

this African population. In a European study with 105 asthmatic
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children, a higher rate of sensitization was observed for nDer p 1,

rDer p 2 and rDer p 23 (77%, 81% and 71%, respectively), but the

median IgE titers were lower (52).

The majority of patients (24 out of 35) had specific IgE to rVes v

5 (antigen 5) and 19 of the 24 rVes v 5-positive patients also showed

IgE-reactivity to the cross-reactive allergen, rPol d 5. Thus, the

patients may have been stung by wasps or may have been sensitized

to allergens which cross-react with antigen 5 (e.g., Solenopsis

africana, which represents an endemic red fire ant in Gabon)

(53). Only the two glycosylated grass pollen allergens, nCyn d 1

and nPhl p 4, were recognized by our asthmatic patients, who also

showed IgE reactivity to other glycosylated pollen allergens, e.g. to

nPla a 2. Similar results were observed in Central Africa and the

Philippines, but it is supposed that IgE sensitizations to

carbohydrate epitopes are not clinically relevant (54). It is feasible

that parasitic infections could also influence the results on IgE

reactivity to CCD or the IgE response to invertebrate pan-allergens

such as tropomyosin (32). Therefore, further immunological

investigations would be necessary to determine the primary

sensitizing tropomyosin in our population.

Some discordances between skin prick tests and ImmunoCAP

ISAC have been observed in our study, which might be explained by

low quality of the skin prick test extracts (55), by IgE sensitization to

CCD-containing plant allergens which do not elicit skin reactivity

(e.g., nPhl p 4) (56) or by sensitization of the African patients to

allergens which were not present on the allergen chip. Additionally,

it has been shown before that living under poor hygienic conditions,

childhood infections and genetic factors may contribute to a

dissociation between specific IgE and skin prick test reactivity

(57). Our study has three limitations: Skin testing with Blomia

extract could not be repeated, the study was mainly descriptive and

the number of patients studied was relatively small.

Nevertheless, this is the first study on the exact IgE sensitization

profile in a semi-rural asthmatic equatorial African population and

showed: i) a predominant sensitization to allergens of the tropical mite

Blomia tropicalis; ii) much lower sensitization to Dermatophagoides

pteronyssinus with a molecular sensitization profile which differs partly

from European asthmatics; iii) low frequency of sensitization tomost of

the other tested allergens. Further investigations are needed to identify

the relevant mite species in house dust samples and the clinically

relevant mite allergens for this population, in order to improve

diagnosis and immunotherapy in this area (58). Immunotherapy

trials with Blomia extracts are scarce, although some effort has

already been put on the development of new therapeutics for the

treatment of Blomia sensitized patients (59–62). Based on our results

we hypothesize now that it may be useful to select those patients for the

correct form of immunotherapy, i.e. Blomia for genuine IgE

sensitization to Blomia, HDM for genuine IgE sensitization to

HDMs or Blomia and HDM for patients with co-sensitization.
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