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Abstract

Background—In Africa, peanuts are frequently consumed, but severe allergic reactions are rare. 

We investigated immunological patterns of clinical tolerance to peanut in peanut-sensitized but 

asymptomatic patients from central Africa compared to peanut-allergic and peanut-sensitized but 

asymptomatic patients from Sweden.

Methods—Sera from allergic patients (n = 54) from Zimbabwe sensitized to peanut but without 

allergic symptoms to peanut, and sera from peanut-allergic (n = 25) and peanut-sensitized but 

asymptomatic (n = 25) patients from Sweden were analyzed toward peanut allergen components 

(Ara h 1–3, 6, 8–9) and other allergen molecules from important allergen sources using 
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microarray. IgE to Ara h 2 peptide epitopes was analyzed, and allergenic activity was assessed by 

basophil activation assay.

Results—Forty-six percent of the African and all peanut-allergic Swedish patients showed IgE 

toward one of the highly allergenic peanut allergens (Ara h 1–3, 6, 9). However, 48% of the 

African patients had IgE to cross-reactive carbohydrate determinants (CCDs) with low allergenic 

activity and 60% of the Swedish asymptomatic patients had IgE against the PR protein Ara h 8. 

IgG and IgG4 specificities and levels could not discriminate between the African asymptomatic 

and Swedish peanut-allergic patients. Asymptomatic patients almost lacked IgE to Ara h 2 

peptides, which were recognized by peanut-allergic patients. Peanut IgE from peanut 

asymptomatic patients showed poor allergenic activity compared with IgE from peanut-allergic 

patients.

Conclusions—Natural clinical tolerance to peanut in the African patients can be caused by IgE 

to low allergenic peanut components and by poor allergenic activity of peanut-specific IgE.
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Peanut, Arachis hypogea, is one of the most allergenic vegetable foods in the Western world 

that may cause mild to life-threatening allergic reactions. However, peanut allergy has rarely 

been reported from Africa, the Middle East, and South-East Asia, where peanut is consumed 

in high amounts (1–3). Particularly in West Africa, peanut constitutes a significant cash crop 

(4).

The major peanut allergens, Ara h 1 (5), Ara h 2 (6), and Ara h 3 (7), are members of the 

seed storage protein families and are associated with clinical reactivity. The 2S albumin Ara 

h 2 has been considered the clinically most important allergen in this context (8). The 2S 

albumin Ara h 6 (9) is very similar to Ara h 2. Ara h 8 (10) belongs to the pathogenesis-

related protein family (PR)-10 and is a major allergen in patients with combined 

sensitisation to birch pollen and peanut. Occurrence of IgE to Ara h 8 is usually associated 

with very mild or no symptoms at all (11, 12). Ara h 9 (13) belongs to the nonspecific lipid 

transfer proteins (nsLTPs) and seems to be of clinical importance particularly in the 

Mediterranean area (14). All these peanut components have improved the diagnosis of 

peanut allergy (15, 16).

Conflicting results have been reported in studies investigating the role of specific IgG in 

clinical food tolerance. High IgG4 levels to cow's milk have been found to be associated with 

maintenance of clinical tolerance to cow's milk in atopic children and adults (17). On the 

other hand, in peanut-allergic children, increased peanut-specific IgG4 levels have been 

associated with clinical reactivity (18). Recently, it was reported that peanut-specific IgG 

levels are elevated in peanut-sensitized children especially in those avoiding peanuts (19). 

Using a chip containing a variety of microarrayed allergens, among them a comprehensive 

panel of peanut allergens, plant allergens involved in IgE cross-reactivity, and allergen 

markers for sensitization to carbohydrates (20), we analyzed a group of patients from 

Zimbabwe in central Africa who despite IgE sensitization to peanut allergen extracts 
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regularly ate peanuts without ever showing clinical symptoms and compared them with 

doctor-diagnosed peanut-allergic and peanut-sensitized but asymptomatic patients from 

Sweden. We also determined allergen-specific IgG and IgG4 reactivity to the microarrayed 

allergens. In addition, we analyzed the IgE recognition to Ara h 2 peptide epitopes. The 

allergenic activity of peanut IgE was investigated to elucidate possible mechanisms of 

natural clinical tolerance in African patients compared with peanut-allergic and peanut-

sensitized but asymptomatic patients from Europe.

Methods

Demographic and clinical characterization of the study populations

Sera from 54 allergic patients from Harare, Zimbabwe, who had peanut-specific IgE 

reactivity (IQR 0.64–10.20 kUA/l; Table 1) but regularly ate peanuts without ever having 

suffered from any peanut-related allergic symptoms were studied. For comparison, a group 

of peanut-allergic patients (n = 25) and a group of peanut-sensitized but asymptomatic 

patients (n = 25) from Sachs' Children's Hospital, Stockholm, Sweden, were enrolled as 

controls (Table 1). For details, see online supporting information.

Measurement of total IgE and allergen-specific IgE, IgG, and IgG4

ImmunoCAP—Total IgE and allergen-specific IgE against peanut extract (f13) were 

measured with the ImmunoCAP System (Thermo Fisher/Phadia AB, Uppsala, Sweden). The 

cutoffs were 2 kU/l for total IgE and ≥0.10 kUA/l for allergen-specific IgE.

Microarray—Serum samples were analyzed for IgE and IgG reactivity to microarrayed 

allergen components using a customized allergen chip based on ISAC technology (Thermo 

Fisher/Phadia AB) developed in the MeDALL FP7-funded research program.19 For details, 

see online supporting information.

Ara h 2 peptide synthesis

Eight overlapping synthetic peptides with a length of 22–25 aa (Table S1) covering Ara h 2 

were synthesized. For details, see online supporting information.

Dot blot assay of Ara h 2 peptides

Information is provided in the online supporting information.

Basophil activation assays and IgG depletion

Rat basophil leukemia (RBL) assays were performed as previously described (21). For 

details, see online supporting information.

Ethical aspects

The analysis of patient sera was approved by the local ethics committee of the University of 

Zimbabwe Medical School, Harare, Zimbabwe, and the Ethical Review Board at Karolinska 

Institutet, Stockholm, Sweden. Residual serum samples from the routine allergy diagnosis 
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were analyzed in an anonymized manner with permission of the ethical committee of the 

Medical University of Vienna.

Statistical analysis

The Mann–Whitney U-test was used to evaluate differences between two groups, and P-

values <0.05 were considered significant. The Spearman rank correlation coefficient r was 

used to assess correlations between parameters, significance level (P < 0.01). Data were 

analyzed using IBM SPSS statistics software version 20 (Chicago, IL, USA) and Prism 6 

(GraphPad Software Inc., La Jolla, CA, USA).

Results

Several of the African peanut-sensitized but asymptomatic patients show high peanut 
allergen-specific IgE levels as well as reactivity to peanut allergen components associated 
with severe clinical symptoms

Although the median IgE levels to peanut extract were modest (2.5 kUA/l; IQR 0.64–10.20 

kUA/l), ten patients showed peanut allergen-specific IgE levels above 15 kUA/l, a threshold 

level which is commonly associated with generalized symptomatic reactions (Table 2) (22). 

Forty-six percent of the asymptomatic patients reacted with peanut allergen components 

usually associated with systemic reactions to peanut, for example, rAra h 1–3, nAra h 6, and 

rAra h 9 (Table 2, Fig. 1A,B). The most frequently recognized peanut allergen component 

was rAra h 1 (16/54). Twenty-four percent of the patients had IgE antibodies against rAra h 

2 followed by the peanut LTP rAra h 9 (9/54), nAra h 6 (5/54), and rAra h 3 (3/54). Only 

one patient showed IgE reactivity to the Bet v 1-homologous peanut allergen rAra h 8 from 

the PR-10 allergen family. IgE sensitizations to the highly cross-reactive family of plant 

profilins, which are also present in peanut, were observed in 37% of the patients (Table 2). 

IgE sensitization to highly glycosylated plant allergens (e.g., MUXF3 (23), nCyn d 1 (24), 

nPhl p 4 (25), nCry j 1 (26), and nCup a 1 (27), Table 2) was very common. However, it was 

not correlated with IgE to peanut extract (data not shown). All but seven of the 54 patients 

mounted IgE reactivity against at least one of these carbohydrate marker allergens.

Peanut-allergic patients mount high IgE reactivity to peanut allergen components 
associated with systemic reactions

For comparison, we analyzed a group of 25 patients with doctor-diagnosed peanut allergy 

from Sweden (Fig. 1A). All patients were sensitized to rAra h 1, rAra h 2, and nAra h 6, and 

the IgE levels were high (medians 26.31, 9.18, and 9.12 ISU-E, respectively, Table 2). rAra h 

3 was the fourth most commonly recognized component (22/25). None of these patients 

were sensitized against rAra h 9 (Fig. 1A). Seventeen patients mounted IgE to the 

carbohydrate marker pollen allergens and three to profilins. Compared to the African peanut-

sensitized but asymptomatic patients, the IgE levels were much lower and none of the 

Swedish patients were solely sensitized to CCDs or profilins (Fig. 1B).
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Swedish asymptomatic patients differ from African patients by their IgE reactivity to the 
Bet v 1-homologous peanut allergen rAra h 8

Sixty percent of the patients had IgE reactivity to the Bet v 1-homologous peanut allergen 

rAra h 8. Only 2 patients were sensitized to rAra h 1 and nAra h 6 or rAra h 2, and compared 

to the Zimbabwean patients, their IgE levels were even lower (Fig. 1A, Table S2). Seven 

patients showed IgE reactivity solely to CCDs (Fig. 1B and Table S2).

African peanut asymptomatic patients show strong IgG reactivity to peanut allergens

Peanut allergen-specific IgG levels were moderate/high (1–15 ISU-G) or very high (>15 

ISU-G) in the majority of patients. IgG responses to rAra h 2 were most common (46/54). 

rAra h 9 and nAra h 6 also induced frequent (45/54 and 38/54; respectively) and high IgG 

responses (Table 3). All but one of the African patients with exclusive IgE reactivity to 

carbohydrate epitopes mounted IgG responses toward the highly allergenic peanut 

components. As the IgG recognition was much more frequent and intensive than the IgE 

recognition, no significant correlations were observed between allergen-specific IgE and IgG 

levels against the different peanut allergen components except for rAra h 9 (r = 0.54, P < 

0.001, Fig. 2). By contrast, allergen-specific IgE and IgG levels against the clinically 

relevant house dust mite allergens, nDer p 1, rDer p 2, rDer p 5, rDer p 7, rDer p 21, and 

rDer p 23, correlated significantly in the African patients (Fig. S1). In line with the IgG 

responses, the IgG4 antibody reactivity was most frequent against rAra h 2 (31/54), rAra h 1 

(23/54), and nAra h 6 22/54) and the levels were also the highest to these components. We 

observed no significant correlation between IgE and IgG4 levels to the different peanut 

allergen components except for rAra h 9 (r = 0.51, P < 0.001).

Swedish peanut-allergic patients show strong IgG reactivity to peanut allergens

All Swedish peanut-allergic patients mounted IgG responses to rAra h 1, rAra h 2, and nAra 

h 6 (Table 3). However, the IgG levels were much higher compared with the African 

asymptomatic patients (e.g., rAra h 1, median 74.43 ISU-G vs 4.91 ISU-G, P < 0.001). On 

the other hand, the Swedish peanut-allergic patients had significantly lower IgG levels to the 

glycosylated allergens compared with the African peanut asymptomatic patients (e.g., nCup 

a 1, median 5.99 ISU-G vs median 25.05 ISU-G, P < 0.001). The Swedish asymptomatic 

patients had the highest IgG levels against rAra h 8, the component against which they also 

had the highest IgE levels (Table S3). As in the African patients, we observed no significant 

correlations in the two Swedish control patient groups between allergen-specific IgE and 

IgG levels against the different peanut allergen components except for rAra h 8 (r = 0.61 P = 

0.001) in the Swedish asymptomatic group. The allergen-specific IgG4 antibody responses 

in general followed the IgE pattern among the Swedish peanut-allergic as well as the 

asymptomatic patients. In the peanut-allergic group, the IgG4 levels to rAra h 1 and rAra h 2 

correlated significantly with the specific IgE levels (r = 0.71, P < 0.001 and r = 0.58, P = 

0.002, respectively). In the Swedish asymptomatic patient group, where IgE was directed 

against rAra h 8, the IgG4 levels were above all directed against this peanut allergen 

component (Table S4).
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African and Swedish asymptomatic patients differ from peanut-allergic patients regarding 
IgE reactivity to Ara h 2 peptides

Only two of the 13 African Ara h 2-sensitized patients showed IgE reactivity to Ara h 2 

peptides (Fig. 3). Furthermore, none of the Swedish asymptomatic patients showed IgE 

reactivity to Ara h 2 peptides; however, only one of them was sensitized to Ara h 2 (#92). By 

contrast, six of the seven Swedish Ara h 2-sensitized and allergic patients showed IgE 

reactivity to Ara h 2 peptides, with peptide 1 being the dominant peptide (Fig. 3).

IgE from African asymptomatic patients induces little basophil activation to peanut extract

Sera from the African peanut asymptomatic patients induced no relevant basophil 

degranulation even though four of the sera had very high IgE levels to peanut extract (200, 

79, 28, 18.6 kUA/l) as well as to rAra h 2 (13.48 ISU-E, 48.38 ISU-E, 19.84 ISU-E, and 3.08 

ISU-E) (Fig. 4A). One of these sera mounted also very high IgE levels to the peanut allergen 

components, rAra h 2 (48.38 ISU-E) and nAra h 6 (51.61 ISU-E). Sera from the Swedish 

peanut asymptomatic patients induced likewise very little degranulation (median 0.78%). In 

contrast, sera from the Swedish peanut-allergic patients induced a high degranulation 

(median 11%) (Fig. 4B,C). Depletion of IgG from available African sera did not confer a 

higher degree of basophil activation (Fig. 4D).

Discussion

This study shows that natural clinical tolerance to peanuts as it occurs in certain areas of the 

world can be based on several mechanisms. Unlike immunological tolerance which implies 

an active immunological process involving specific immune mechanisms, natural clinical 

tolerance is characterized by the presence of IgE antibodies but lack of symptoms (17, 28). 

We found that approximately half of the asymptomatic peanut-sensitized African patients 

were exclusively sensitized to cross-reactive carbohydrate epitopes with low allergenic 

activity, which is in line with the results from a recent paper from Ghana showing that 

peanut-specific IgE in asymptomatic patients was associated with cross-reactivity to clinical 

irrelevant CCDs (29). A few of our patients (8/54) had IgE antibodies solely to profilins, 

which normally do not induce severe allergic symptoms upon ingestion because they are 

sensitive to heat denaturation and gastric digestion (30, 31). In the other half of patients, we 

found IgE sensitizations against peanut allergens that are associated with systemic reactions 

(rAra h 1, rAra h 2, rAra h 3, nAra h 6, and rAra h 9) as they are heat-stable and resistant to 

digestion. The majority had IgE reactivity against the major peanut allergen rAra h 1 and 13 

patients showed IgE to rAra h 2, which is thought to be the most allergenic peanut 

component and thus even suggested for improving the accuracy of peanut allergy diagnosis 

(32). Interestingly, nine of the patients who had IgE to the highly allergenic peanut 

components showed peanut allergen extract-specific IgE levels >15 kUA/l, which is 

considered as being highly indicative of generalized symptomatic reactions (22). For 

comparison, we analyzed a group of patients with doctor-diagnosed peanut allergy and a 

group of asymptomatic patients according to doctor’s diagnosis from Sweden and observed 

a different sensitization pattern. In contrast to the African patients, we found that all peanut-

allergic patients had IgE against the storage proteins rAra h 1, rAra h 2, and nAra h 6 and 

that the IgE levels were high. The asymptomatic patients from Sweden differed from the 
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African asymptomatic patients because they were mainly sensitized to the Bet v 1-

homologous peanut allergen rAra h 8 with relatively low allergenic activity and their IgE 

levels to Ara h 1, 2, and 6 were even lower (11).

Another possible explanation for natural clinical tolerance to peanuts is the induction of high 

peanut allergen-specific IgG and IgG4 levels. However, we found that these antibodies could 

not discriminate between the African peanut-sensitized but asymptomatic patients and the 

Swedish peanut-allergic patients. Both groups had induced more frequent and intensive IgG 

responses than the IgE recognition. IgG responses to peanut allergen components even 

predominated over IgE responses. Thus, we found no significant correlations between IgE 

and IgG responses to clinically relevant peanut allergens. With respect to peanut-specific 

IgG4 reactivity, the responses in general followed the IgE reactivity, but they were less 

intense. Only a low correlation between IgE and IgG4 levels to Ara h 9 was noted, which 

could reflect the intake of LTP containing food. In the peanut-allergic and asymptomatic 

control groups from Sweden, the IgG responses against the peanut allergens followed the 

same pattern of being more common and intense than the IgE reactivity as in the African 

patients. Thus, the IgG responses to the peanut allergens did not seem to be the cause for 

clinical tolerance.

We next explored whether differences in IgE recognition to linear epitopes of Ara h 2, the 

component that has been shown to be particularly useful in predicting clinical sensitivity to 

peanut (33), could be responsible for natural clinical tolerance in the African patients. We 

found that almost each of the tested peanut-allergic Ara h 2-sensitized patients showed IgE 

reactivity mainly to peptide 1, whereas all but two of the African did not recognize the 

peptides. Furthermore, Swedish asymptomatic patients did not react with peptides. Notably, 

the reaction of the African patients was very weak. One explanation for the lack of peptide 

recognition could be that the patients’ IgE antibodies are directed against conformational 

epitopes and the Ara h 2 peptides only display linear epitopes. The results are in line with 

previous findings where patients with more severe allergic reactions to peanut and who 

outgrew their allergy can be characterized by peptide-specific IgE responses (34, 35). The 

area characterized by peptide 1 has earlier been defined as a major IgE epitope of Ara h 2 

(36). Thus, it seems that exposure to peanuts in early childhood or even during pregnancy as 

in the African population may influence the peanut IgE epitope recognition.

Interestingly, when we analyzed the biological activity of peanut IgE in the different groups, 

we noted major differences. Sera from the African asymptomatic patients showed no or very 

poor allergenic activity to peanut extract as did the Swedish peanut-sensitized but 

asymptomatic patients. In contrast, IgE from the peanut-allergic patients was biologically 

very active. The β-hexosaminidase release was 7 times lower in the African peanut 

asymptomatic patients compared with the Swedish peanut-allergic patients. The poor 

biological activity of peanut-specific IgE in the African asymptomatic group can not only be 

explained by IgE to CCDs, as almost half were sensitized to highly allergenic peanut 

components. We found that sera from African patients (e.g., #22, #42) with IgE reactivity to 

highly allergenic components (i.e., Ara h 1, Ara h 2) did not induce relevant degranulation.
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Finally, we investigated whether the low activity in the basophil activation assay could be 

due to blocking IgG antibodies. However, removal of IgG did not impair the degree of 

degranulation and thus could not explain the poor allergenic activity of peanut-specific IgE 

in the African asymptomatic patient group. The results are in line with a report by Segal and 

colleagues who found that the RBL cells released histamine through an IgE-mediated 

system and bound IgG aggregates could neither elicit histamine release nor have any effect 

upon IgE-induced release (37).

In conclusion, our study shows that natural clinical tolerance to peanuts in certain areas of 

the world can be based on several mechanisms, one being exclusive IgE reactivity to peanut 

components with low allergenic activity (e.g., cross-reactive carbohydrates, profilins, or 

PR-10 proteins) and the almost complete lack of IgE recognition of Ara h 2 peptides and for 

the first time the poor biological activity of peanut IgE. Allergen-specific IgG antibodies 

seem not to be involved. Thus, early and frequent peanut intake seems to induce IgE against 

epitopes with low affinity or monovalent epitopes at least in central Africa and would 

support the concept that it may prevent allergic symptoms to peanut.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Ara h Arachis hypogea

CCD cross-reactive carbohydrate determinants

n natural

r recombinant

kUA/l kilo units allergen per liter

ISU ISAC standardized units

IQR interquartile range
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Figure 1. 
Peanut allergen- and carbohydrate-specific IgE reactivities. (A), Percentages and number of 

African and Swedish asymptomatic and Swedish allergic patients with IgE to allergen 

components. Ranges of allergen-specific IgE levels are indicated. (B), Percentages of 

patients with IgE reactivity to peanut extract, to at least one of the allergenic peanut 

components (rAra h 1–3, 8, 9 and nAra h 6), to profilins, or to carbohydrate markers 

(MUXF3, nCup a 1, nCyn d 1, nPhl p 4) but not to the allergenic peanut components.
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Figure 2. 
Associations of IgE and IgG levels specific for Ara h 1, 2, 3, 6, 8, and 9 in African 

asymptomatic patients.
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Figure 3. 
IgE reactivity to dot-blotted Ara h 2 peptides. Sera from asymptomatic African (left panel), 

asymptomatic Swedish (middle panel), and peanut-allergic Swedish patients (right panel) 

were tested for IgE reactivity to eight Ara h 2 peptides (Pep1-8). Bound IgE was detected 

with 125I-labeled anti-IgE and visualized by autoradiography.

Wollmann et al. Page 13

Allergy. Author manuscript; available in PMC 2019 June 27.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Figure 4. 
Induction of basophil degranulation. Displayed are the percentages of ß-hexosaminidase 

releases (y-axes) induced by three different concentrations of peanut allergen extract (x-

axes) when RBL cells were loaded with sera from asymptomatic African (A), peanut-

allergic Swedish (B), asymptomatic Swedish patients (C), or IgG-depleted African sera (D).
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Table 1
Demographic and clinical characterization of peanut-sensitized patients from Africa and 
Sweden, as well as Swedish peanut tolerant patients

Zimbabwe tolerant n = 54 Sweden tolerant n = 25 Sweden allergic n = 25

Age, years: median (range)      11 (0.9–59)    11 (3–18)     9 (3–15)

Sex (m/f)           (31/23)         (13/12)        (13/12)

Skin prick test or IgE positive

    HDM (n)      34      3      1

    Pollens (n)      35    25    18

    Animals (n)      16    15    13

    Food (n)      32    24    12

    Peanut IgE (kUA/l) median (range)     2.5 (0.1–200)   2.8 (0.23–17)  280 (28–1300)

    Total IgE (kU/l) median (range) 520.5 (23–20000)  290 (33.9–2398)  647 (105–4096)

Asthma (n /%)      15 (28)    18 (72)    18 (72)

Rhinitis/Conjunctivitis (n /%)      28 (52)    22 (88)    12 (48)

Skin symptoms*(n /%)      39 (72)      9 (36)    12 (48)

GI symptoms†(n /%)        5 (9)      2 (8)      2 (8)

Skin prick test (SPT) positive ≥3 mm. Peanut IgE ≥ 0.1 kUA/l. Total IgE ≥ 2 kU/l. (n) number of patients, (n /%) number and percentage of 

patients.

*
Skin symptoms: dermatitis, eczema, urticaria, angioedema.

†
GI symptoms: vomiting, bloating, abdominal discomfort.
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