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Abstract

Introduction: While exposure to environmental peanut during infancy appears to promote sensi-
tization by the epicutaneous route, early and frequent peanut ingestion during infancy may pre-
vent peanut allergy through oral tolerance. Due to parental occupation, the offspring of peanut
farmers are likely exposed to peanut protein in their environment, but they may also have early
introduction into their diet due to ready access. The purpose of this study was to determine the
prevalence of peanut allergy in offspring of peanut farmers. Methods: A survey was mailed by the
National Peanut Board to peanut farmers in the United States collecting information on peanut con-
sumption, peanut reactions, physician-confirmed peanut allergy (PA), epinephrine auto-injector
prescription and history of other allergies in offspring. Egg allergy (EA) served as a comparator to
peanut allergy. Results: Of 10,349 households surveyed, 1050 responses were received (2493
offspring, participation rate 10%). The self-reported prevalence of peanut allergy in the general
population in the USA is 0.9%, 1.3%, and 0.7% for children 0 - 5 years, 6 - 10 years, and 11 - 17
years, respectively. In offspring of peanut farmers, PA vs EA was reported in 3.69% (10/271) vs
2.6% (7/271), 2.8% (14/493) vs 2.0% (10/493), and 1.48% (37/2493) vs 1.4% (35/2493) of
offspring <10 years, offspring <15 years and all offspring, respectively. Physician-confirmed PA
was reported in 3.3% (9/271), 2.6% (13/493), and 1.24% (31/2493) in the three groups, respec-
tively. Physician-confirmed PA with epinephrine auto-injector prescription was reported in1.8%
(5/271), 1.8% (9/493), and 0.68% (17/2493) in the three groups, respectively. Conclusions: We
found that the self-reported prevalence of peanut allergy in offspring of peanut farmers was simi-
lar to that reported in the general population. This is a unique population that may provide insight
into factors that influence development of peanut allergy.
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1. Introduction

The prevalence of peanut allergy among children in North America and the United Kingdom has increased dur-
ing the past two decades and is currently estimated at 1.68% in Canada [1], 1.4% in the United States (US) [2],
and 1.8% in the United Kingdom (UK) [3]. Peanut allergy (PA) typically begins in early childhood and is often
persistent; it remits in approximately 20% of patients by age 5 [4]. Peanut allergy is a relevant public health is-
sue as it is implicated in the majority of fatal food-related anaphylactic reactions [5]-[7]. Most children react
upon their first apparent oral exposure to peanuts, indicating that sensitization likely occurs prior to the first
known oral introduction [8] [9]. Given the morbidity associated with PA, identifying the mechanism of primary
sensitization is necessary in order to develop effective preventive strategies.

Exposure to traces of peanut in the household environment is a risk factor for sensitization; children who de-
velop PA have a ten-fold higher level of household peanut consumption compared to children without PA [10].
This dose-response relationship was observed between environmental (i.e. non-oral) peanut exposure and the
development of PA. A defective epidermal barrier increases the risk of peanut sensitization. Early childhood ec-
zema, use of topical peanut oil-containing skin preparations [11] and loss of function mutations in the filaggrin
gene [12] have been associated with development of PA. These observations suggest that cutaneous allergen
exposure promotes sensitization. Recently, filaggrin mutations have been shown to increase the risk of food sen-
sitization in the first year of life, but not food challenge-proven allergy, suggesting that additional influences are
required to shift from sensitization to clinical allergy [13].

In contrast, early high-dose oral exposure may promote acquisition of tolerance to allergens [14] [15]. Murine
experiments have demonstrated development of immune and clinical tolerance with high dose oral exposure to
both ovalbumin and peanut protein [14] [15]. In humans, the adjusted prevalence of PA is about 5 times less
among Ashkenazi children in Israel where peanuts are consumed earlier, more frequently and in greater quantity
than in Ashkenazi children in the United Kingdom [16].

The purpose of this study was to examine the prevalence of PA in offspring of peanut farmers in the United
States. Children with early exposure to the farming environment have a lower prevalence of atopy than children
from non-farming families [17]. Early life exposure to stables and farm milk in particular have been associated
with a lower prevalence of asthma, hay fever and allergic sensitization [18] due to multiple immune modulatory
mechanisms that are not yet fully understood. The offspring of peanut farmers may be somewhat unique in re-
gard to their environmental and oral exposure to peanut. Due to the nature of parental occupation, offspring of
peanut farmers are likely exposed to peanut protein in their environment. For the same reason, however, peanut
may be a more readily accessible food source for offspring of peanut farmers than for other individuals, which
may affect the timing and frequency of oral exposure. The aim of this study was to examine the prevalence of
PA among offspring of peanut farmers compared to the prevalence in the general population.

2. Methods
2.1. Study Population and Survey Method

A cross-sectional survey of peanut farmers and their families was conducted in the United States. A total of
10,349 surveys were distributed by mail to peanut farmers as an insert in a quarterly newsletter by the National
Peanut Board in August 2006. Ethics approval was not required for this anonymous survey study.

2.2. Survey Questions

The survey collected demographic data from parents on the number and ages of offspring in each family, as well
as the history of asthma, atopic dermatitis, pollen allergy, allergen immunotherapy, and a history of food aller-
gies in both offspring and parents. Data were collected for each offspring regarding the age at which peanut was
introduced into the diet, the number of times per week peanut was consumed, and any history of peanut reac-
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tions. For each offspring with a history of reaction to peanut, survey participants were asked to report the age of
first peanut reaction, time of onset of reaction following ingestion of peanut, associated symptoms, treatment
required, whether PA was diagnosed by a physician, and whether an epinephrine auto-injector was prescribed.

Survey participants were asked about each of the following symptoms during their offspring’s peanut reac-
tions: a) itching, hives, welts, redness of skin, b) swelling of eyes, lips, ears, tongue, hands, feet or genitals, c)
runny or stuffy nose, d) red, itchy, watery eyes, €) trouble swallowing, hoarse voice, tightness in throat, itching
inside mouth, f) wheezing, cough, tightness in chest, shortness of breath, g) nausea, vomiting, stomach cramps,
diarrhea, h) dizziness, lightheadedness, faintness, loss of consciousness.

2.3. Definition of PA and Other Atopic Conditions

Three definitions of PA of varying stringency were examined. In order of increasing stringency, we considered:
i) how many of your children have eaten peanuts and had an allergic reaction? ii) meets i) and, has the child’s
peanut allergy been confirmed by a physician? iii) meets ii) and, has your peanut-allergic child been prescribed
an epinephrine auto-injector such as Epipen® or TwinJect®?

Asthma, eczema and parental allergies were defined as any history of these conditions diagnosed by a physi-
cian. Pollen allergy, immunotherapy and other food allergy were defined as any history of the condition recalled
by the survey participant.

2.4. Statistical Analysis

Outcomes and analyses were performed at the level of the family. Separate analyses were performed for off-
spring age < 10 years, offspring age < 15 years, and for all offspring of respondents, in overlapping (not mu-
tually exclusive) groups.

3. Results
3.1. Questionnaire Response Rate and Demographic Features

A total of 1050 survey responses were completed and returned by peanut farmers, with a total of 2651 offspring.
Due to survey wording (the survey allowed answers for up to 5 offspring only, even for families who had >6
offspring), the analyses were restricted to families with 5 or fewer offspring, yielding a total of 2493 offspring.
The mail-out survey response rate was 10% (1050 survey responses, 10,349 surveys mailed). The distribution of
the number of offspring per family included one child (14%), two, three, four, five and six offspring in 43.8%,
25.5%, 9.7%, 3.4% and 2.6% of families, respectively. The age distribution of the offspring ranged from 0.1 - 67
years, with mean age of 26.2 years (SD 14.7), as shown in Figure 1.

3.2. Peanut Allergy

Reported outcomes are shown in Table 1. The self-reported rate of PA among offspring of US peanut farmers
aged 10 years and under was 3.69% (10/271). Of these cases, 3.3% (9/271) were confirmed by a physician, and
1.8% (5/271) were both confirmed by a physician and prescribed an epinephrine auto-injector. In offspring 15
years and under, the reported rate of PA was 2.8% (14/493). Of these cases, 2.6% (13/493) were physician-con-
firmed, and 1.8% (9/493) were both physician-confirmed and prescribed an epinephrine auto-injector. Finally,
among all offspring, the reported rate of PA was 1.48% (37/2493), with 1.24% (31/2493) physician-confirmed
and 0.68% (17/2493) physician-confirmed and prescribed an epinephrine auto-injector.

Of the 17 cases who had both physician-confirmed PA and epinephrine auto-injector prescription, 14/17 (82%)
experienced their initial reaction at age < 5 years.

The reported clinical manifestations of peanut allergy included cutaneous symptoms (15/17, 88%), angioe-
dema (10/17, 59%), respiratory (8/17, 47%), nasal/ocular (6/17, 35%), oropharyngeal (6/17, 35%), gastrointes-
tinal (5/17, 29%), and cardiovascular symptoms (one case only).

3.3. Peanut Exposure

Only 1.0% of families reported that their offspring had not ingested peanuts. The age of first peanut exposure va-
ried with 39.2% reporting estimated peanut introduction by age 1% and 81.9% by age 3, as shown in Figure 2.
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Figure 1. Age distribution of peanut farmers’ offspring
(range 0.1 to 67 years; mean 26.2 + 14.7).
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Figure 2. Estimated age of peanut farmers’ offspring at first exposure to peanut-containing food.

The average estimated weekly consumption of peanut varied widely for each child and is shown in Figure 3.
The majority of offspring ate peanuts one to three times per week.

3.4. Reported Rates of Asthma, Allergic Rhinitis, Atopic Dermatitis, and Other Food
Allergy

The reported rates of other food allergies and atopic conditions are shown in Table 1. In comparison to the re-
ported rate of PA among all offspring of peanut growers (1.48%), the reported rates of tree nut, milk and egg al-
lergy were 1.28%, 1.6%, and 1.4%, respectively. The reported rates of physician-diagnosed food and environ-
mental allergies in the parents are shown in Table 1. Reported food allergies included peanut, tree nuts, fish,
shellfish, milk, egg, wheat, soy, chocolate, vegetables and fruit. Reported environmental allergies included grass,
ragweed, dust, mold, animals, and unspecified pollens.

4. Discussion

The objective of this questionnaire-based study was to determine the prevalence of peanut allergy (PA) in
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Figure 3. Average frequency of peanut consumption (times/week).

Table 1. Reported rates of peanut allergy, food allergy and atopic conditions in peanut growers families.

Self reported rates
Self-reported

Outcome Of‘fsprin_g <10 years Of‘fsprin_g <15 years All o_ffspring prevalence % (reference)
(';/_ 2Ly (';_ 2 (no- AR of children in the general
6, (n) ) % () population
Asthma 7.4% (20) 9.9% (49) 8.5% (211) 8.9% (23)
Eczema 11.4% (31) 12.6% (68) 6.2% (155) 10.7% (24)
Rhinitis 35.0% (95) 37.1% (183) 36.9% (920) 9.1% (27)
phﬁ?ﬁgﬁtggg% 9y 3.69% (10) 2.8% (14) 1.48% (37)
Physician-confirmed and 3.3%(9) 2.6% (13) 1.24% (31) 177% (1)
epinephrine autoinjector 1.8% (5) 1.8% (9) 0.68% (17)
Tree nuts 1.8% (5) 1.4% (7) 1.28% (32) 1.73% (1)
Fish 0.37% (1) 0.2% (1) 0.64% (16) 0.18% (1)
Shellfish 1.47% (4) 1.0% (5) 1.8% (45) 0.55% (1)
Milk 1.8% (5) 2.0%(10) 1.6% (40) 2.23% (1)
Eggs 2.6% (7) 2.0% (10) 1.4% (35) 1.23% (1)
Wheat 0.7% (2) 0.8% (4) 0.6% (15) 0.45% (1)
Soy 0.37% (1) 0.6% (3) 0.36% (9) 0.32% (1)
Parent reported food allergy - - 4.5% -
Parent reported environmental ) ) 10.8% )

allergy

offspring of peanut farmers, a population which, to our knowledge, has not previously been examined. In our
study, the reported prevalence of PA ranged from 1.48% (all offspring) to 3.69% (offspring <10 years). This
prevalence rate for peanut allergy, particularly for all offspring, is in the range observed in the literature for the
general population. For example, a population-based study in Montreal reported a 1.5% prevalence of PA in
school children based on questionnaires, skin prick tests and measurement of peanut-specific IgE [19]. A large
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US telephone survey found a 1.4% prevalence of PA in children based on self-reported data and convincing
reaction history [2]. In the UK, a 1.8% prevalence of PA was determined in a cohort of school aged children,
based on questionnaires, skin prick tests and double-blind, placebo-controlled food challenge [3]. Our study did
not include confirmatory skin prick tests or food challenges, so the reported prevalence of PA in our survey is
likely an overestimate of the true prevalence.

Data were separated into three (overlapping, not mutually exclusive) age groups for analysis (<10 years, <15
years, and all ages) to assess whether the prevalence of PA was increasing over time in this population. Using
the most restrictive case definition requiring both physician confirmation of PA, and prescription of an epineph-
rine auto-injector, the reported prevalence (1.8%, 1.8%, and 0.68% for offspring <10 years, <15 years, and all
offspring, respectively) appeared to decrease as the age range increased. These values are similar to self-reported
rates in the general population in the USA (0.9%, 1.3%, and 0.7% for offspring 0 - 5 years, 6 - 10 years, and 11 -
17 years, respectively) [2]. However, as we included offspring of all ages in our analysis, recall bias was likely
introduced as responders from families with younger offspring and more temporally proximal events would
have had the benefit of improved recall.

The major limitation of this study was the low response rate of 10%, which is lower than in other survey stu-
dies [1] [2]. Given this low response rate, participation bias may have influenced our results leading to either
under- or over-estimation of peanut allergy prevalence, and thus we cannot draw firm conclusions from our re-
sults.

The second major limitation of this survey-based study is that the outcomes are self-reported. The most re-
strictive case definition for peanut allergy was report of physician confirmation of PA and prescription of an ep-
inephrine auto-injector device. A more restrictive case definition, such as excluding those in whom the time to
onset of allergic symptoms was over 60 minutes could have been used. However, this would not have changed
the prevalence as three of the four respondents with prolonged reaction onset also reported that they were not
prescribed an epinephrine auto-injector device. The questionnaire specifically elicited a history of “doctor con-
firmed” asthma and eczema, but did not elicit the same for other self-reported food allergies or parental allergies.
The reported rates of tree nut (1.28%), milk (1.6%) and egg allergy (1.4%) were similar to reported prevalence
ranges for offspring in the general population, including a recent Canadian survey study which found self-
reported food allergy rates for tree nut, milk and egg of 1.73%, 2.23%, and 1.23%, respectively [1] [2] [20] [21].
Although we chose to use the prevalence of egg allergy as a comparator for PA, these food allergies are not in-
dependent, as egg allergy is a strong risk factor for sensitization to peanut [22].

There are a number of other possible influences on the results in this population: the rural or farming envi-
ronment, the potential environmental peanut exposure, and the possibility of greater ease of access to peanut as a
food source. Without knowing the exact nature of each peanut farm environment, particularly exposure to
stables and farm milk, we cannot draw conclusions about the prevalence of other atopic conditions in compari-
son to other rural farming populations. The prevalence of some atopic conditions, such as asthma and eczema,
are in keeping with the self-reported prevalence (8.9% and 10.7%, respectively) in the general North American
population [23] [24]. However, the prevalence of allergic rhinitis (35%, 37.1%, and 36.9% for offspring <10
years, <15 years, and all offspring, respectively) was much higher than previously reported rates of 11% - 13%
in non-farming rural populations [18] [25] [26] as well as the rate of 9.1% reported in children under age 17 in
the general population [27]. This may suggest an increased response rate from those with atopic offspring.
However, such a participation bias would be expected to result in an increased rate of other atopic conditions
and peanut allergy, which we did not find.

Another confounder is the potential presence of peanut protein in the household environment of peanut far-
mers, a factor that may influence cutaneous sensitization [10]. Quantification of peanut allergen in the general
household environments has been performed in other studies [28] [29]. Recently, levels of household environ-
mental peanut protein were found to correlate with household peanut consumption; and peanut protein in
household dust was demonstrated to have biological activity, suggesting that environmental peanut protein may
be capable of inducing sensitization [28]. As this was a survey study, we were not able to quantify peanut aller-
gen in the household environment of peanut farmers.

Finally, it is possible that the timing and frequency of peanut consumption may have differed among peanut
farmers’ offspring in comparison to the general population, as they may have had greater access to peanut as a
food source. Du Toit et al. demonstrated a lower prevalence of peanut allergy among Jewish infants in Israel,
where peanut is consumed earlier (in the first year of life) and more frequently than in the UK [16]. Previous
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North American guidelines for high risk infants recommended avoidance of peanut during pregnancy and
breastfeeding, and delaying oral introduction until age 3 [30]. In the UK, when similar recommendations were in
place, the mean age of peanut introduction was 36 months [3]. These recommendations were not in place for
many of the offspring in our study population (mean age 26 years), though they may be relevant to the 493/2493
(22%) of the offspring currently <15 years of age. Among all offspring of peanut farmers, 39% had been intro-
duced to peanut at age 1 year or below, and 81% by age 3years or below. The fact that 19% of children had not
yet been introduced to peanut by age 3 is concerning for a participation bias towards those with atopic offspring
who delayed peanut introduction in accordance with prior guidelines; however, we would have expected to see a
relatively increased prevalence of PA and other atopic conditions if this were true. According to the National
Peanut Board, the average consumption of peanut products in the US is six pounds per person per year [31]. In
our study, 98.5% of peanut farmers’ offspring consumed peanuts on a regular basis, at least once per week.

5. Conclusion

We found that the self-reported prevalence of peanut allergy in offspring of peanut farmers was similar to that
reported in the general population. Based on previous studies, if peanut allergy were confirmed with skin testing,
serological assay or double-blind placebo controlled peanut challenge, the prevalence observed in this survey
likely would be lower [8] [19]. A number of factors may have influenced our results, including participation and
recall bias inherent to survey studies, and the potential for exposure to household environmental peanut, al-
though we would have hypothesized that these factors would result in a relatively increased PA prevalence,
which we did not find. Additional factors such as the rural/farming environment and potential differences in
peanut introduction and consumption patterns may have further affected the results. This is a unique North
American population that may provide some insight into the factors that influence development of peanut aller-

ay.
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