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In Africa, there seems to be an inconsistent relationship
between asthma (both self-reported and physician diagnosed)
and aeroallergen sensitization, with subjects in urban areas
demonstrating the relationship and subjects in rural areas dem-
onstrating less association® or even total dissociation between
aeroallergen sensitization and allergic diseases.” Worm infesta-
tion has been postulated as one of the factors responsible for
this, perhaps by nonspecifically increasing IgE production6
without changing the predisposition to allergic diseases. As a
“side effect” of the nonspecific IgE production, subjects may
be protected from allergic diseases by blocking cross-linking of
other allergen-specific IgE’ by parasite-induced raised total
IgE, causing low allergic reactivity (and possible negative skin
test results) despite a high degree of sensitization to those aller-
gens. In this urban African cohort, total IgE is markedly corre-
lated with Ascaris IgE.'

However, this cohort with low-level parasite infestation
showed Ascaris sensitization to be strongly positively associated
with aeroallergen sensitization. There was a dose-response rela-
tionship between increasing class of Ascaris IgE and sensitiza-
tion to 1 or more allergen, sensitization to HDM and grass,
and number of positive SPT results. Any sensitization to Ascaris
was associated with more than double the prevalence of HDM
sensitization and almost 4 times the prevalence of grass sensiti-
zation, and higher levels of Ascaris IgE were seen in those with
HDM and grass sensitization. This may suggest that subjects in
Africa with a genetic propensity to aeroallergen sensitization
also have upregulation of their defense system against parasitic
infection. Some comparisons, however, are based on rather
small sample sizes, and the results should be confirmed in a
larger trial. An alternative explanation for the association be-
tween Ascaris IgE and skin sensitization is confounding for
other exposures such as cross-reactive allergens, which include
HDMs.® One solution to this problem is to use component aller-
gens from Ascaris that have no cross-reaction with invertebrate
allergens as measures of Ascaris sensitization such as ABA-1
(Asc s 1).

Although having symptoms of asthma was associated with a
higher probability of AHR, only 40% of the subjects who reported
symptoms of asthma had a positive methacholine challenge.
Limitations in the definition of both these classifications, namely,
methacholine challenge via handheld spirometer rather than
dosimeter and asthma by self-reported symptoms rather than
physician diagnosis, may affect the correlation between them as
well as with other variables. The lack of association between
Ascaris sensitization and allergic diseases may also be ascribed to
the limited sample size.

Studies in the same genetic group of subjects with active
Ascaris infection found no association between infection and risk
of aeroallergen sensitization or titers of specific IgE but did find a
significant association with exercise-induced bronchospasm and a
decreased risk of positive skin test results.” The study concluded
that Ascaris might induce nonspecific inflammation resulting
from Ascaris passage through the lungs, independent of an effect
on IgE production. Although we measured Ascaris sensitization
rather than active infection, the association with Ascaris sensitiza-
tion and AHR could result from the same phenomenon, but this
would not explain the marked association with aeroallergen
sensitization.

However, the finding that Ascaris sensitization is strongly
associated with AHR but not with asthma, eczema, or rhinitis
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and is dependent on the level of Ascaris-specific IgE in a
dose-dependent fashion may suggest that other factors in the
environment are protective against the development of allergic
disease, despite the presence of allergen sensitization.
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Fungal and atopic sensitization are low among
farmers in the Agricultural Health Study

To the Editor:

Farm work may result in exposure to microbial bioaerosols. In
agriculture, average airborne concentrations of fungal conidia are
several orders of magnitude higher than in nonagricultural, indoor
environments without water damage.' We used data from Iowa
and North Carolina farmers to explore associations between farm-
ing activities and fungal sensitization.

We analyzed serum samples from a neurobehavioral substudy
of 677 male private pesticide applicators in the Agricultural
Health Study (AHS).? Blood was collected in 2006-2008 from
male pesticide applicators who had completed all AHS inter-
views. Blood samples were not available for the whole cohort.
Individuals were excluded if they had never been a farmer or
had neurologic diseases; women were excluded because of their
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TABLE I. Farming characteristics and fungal sensitization and atopy among 677 farmers in the AHS
Fungal sensitized
Yes (n = 28) No (n = 649) Odds Atopic (n = 14)*  Nonatopic (n = 536) Odds
Enroliment variables n Percent n Percent ratio* 95% ClI n Percent n Percent ratiof 95% Cl
Grew up on a farm
No 3 11 68 11 15 11 56 11
Yes 25 89 575 89 1.0 0.3 5.5 126 89 474 89 1.1 06 22
Years worked/lived on farm
<30 4 15 151 24 24 17 131 25
>30 23 85 489 76 1.9 0.6 7.7 114 83 398 75 1.8 1.1 3.1
Currently farming
Yes 22 79 519 80 0.9 0.3 3.0 106 76 435 81 0.8 05 13
No 6 21 127 20 34 24 99 19
Crops grown
Field corn 25 89 504 78 3.1 09 11 104 74 425 79 0.9 05 14
Soybeans 25 89 490 76 3.0 09 10 102 72 413 71 0.9 06 1.3
Hay and alfalfa 15 54 314 48 1.5 0.6 3.6 68 48 261 49 1.3 0.8 20
Other grains 19 68 336 52 2.1 0.9 4.7 82 58 273 51 1.4 1.0 2.1
Tobacco 11 39 139 21 3.6 1.1 11 38 27 112 21 1.2 07 19
Cotton 5 18 65 10 2.0 0.6 59 11 8 59 11 0.5 03 1.1
Peanuts 5 18 64 10 2.0 0.7 6.1 14 10 55 10 0.8 04 15
Row crops 5 18 86 13 1.4 0.5 3.8 21 15 70 13 1.0 06 1.8
Orchard fruits 4 14 15 2 6.9 21 23 9 6 10 2 34 14 87
Silage 9 32 153 24 2.0 0.7 6.1 34 24 128 24 1.3 0.8 22
Animals raised
Any animals 22 79 415 64 2.6 1.0 6.8 92 65 345 64 1.3 0.8 20
Cattle (dairy and beef) 19 68 308 47 2.8 1.2 6.7 72 51 255 48 1.4 09 21
Swine 8 29 216 33 0.8 0.3 22 38 27 186 35 0.8 05 13
Poultry 4 14 55 8 1.8 0.6 53 15 11 44 8 1.3 0.7 23

Orchard fruits are apples and peaches. Row crops are blueberries, cabbage, grapes, cucumbers, peppers, snap beans, strawberries, tomatoes, melons, and pumpkins.

*Defined as total IgE level of 100 kU/L or more.
TAdjusted for state.

low prevalence in the cohort (<3%).> Participants in the substudy
were similar to the cohort as a whole with regard to farm history
(Hoppin et al, 2012, unpublished data). The study was approved
by institutional review boards of the University of Iowa, the Na-
tional Institutes of Health, and its contractors.

Serum samples were analyzed for total immunoglobulin E
and screened for fungal positivity to a fungal-mix (mx2) by
fluoroenzymeimmunoassay using InmunoCAP 100 (Phadia AB,
Uppsala, Sweden). Sensitization to other allergens was not
measured. If sera were fungal-mix positive, they were tested for
specific IgE to 10 fungal species (Aspergillus fumigatus, Penicil-
lium chrysogenum, Alternaria alternata, Curvularia lunata, Epi-
coccum purpurascens, Phoma betae, Candida albicans, Botrytis
cinerea, Fusarium proliferatum, and Cladosporium herbarum).
Fungal sensitization was defined as specific IgE levels of 0.35
kU/L or more to at least 1 fungus; atopy was defined as total
IgE level of 100 kU/L or more.?

Pesticide applicators completed 3 questionnaires about their
agricultural and medical history: one at enrollment and two 5-year
follow-up interviews. Farming practices included specific crops
and animals raised, growing up on a farm, and years worked or
lived on a farm. Data from all 3 questionnaires were used for the
analysis. Exact logistic regression models were used to estimate
associations with farming characteristics and fungal sensitization
or atopy while controlling for state; other factors such as age and
smoking did not confound the associations.

The prevalence of fungal sensitization was 4%, and the
prevalence of atopy was 21%. While the prevalence of atopy
was greater for North Carolina farmers than for Iowa farmers

(odds ratio [OR], 1.5; 95% CI, 1.0-2.1), fungal sensitization did
not differ. Twenty-five percent of fungal-sensitized participants
were not classified as atopic (n = 7; see Table E1 in this article’s
Online Repository at www.jacionline.org). Fungal-sensitized
farmers (n = 28) were slightly older than those who were not
(63 years vs 61 years); however, there was no difference in the av-
erage age of the 2 groups (P = .27).

Specific commodities were related to fungal sensitization
(Table I). After adjusting for state, farmers who grew tobacco, or-
chard fruit, or raised animals, particularly cattle, were more likely
to be fungal sensitized than farmers not performing these activi-
ties. Growing soybeans, field corn, or other grains was also posi-
tively associated with fungal sensitization but was not statistically
significant. We lacked the ability to assess multiple crops in the
same model because of the low prevalence of fungal sensitization
and the high degree of correlation among crops. Sensitization
to any specific fungal antigen was low, ~2% for all farmers and
between 4% and 8% when limited to those classified as atopic
(Table II). Sensitization to specific fungi showed that 11 of the
28 individuals (39%) were monosensitized and 17 (61%) were
multisensitized.

Fungal sensitization was less common among these farmers
than among white men 40 years and older from the National
Health and Nutrition Examination Survey in 2005-2006.%
Among farmers, sensitization prevalence to both Alternaria
and Aspergillus was 2% (95% CI, 1%-3%), which was lower
than that in the National Health and Nutrition Examination Sur-
vey, with 7% for A alternata (95% CI, 5%-9%) and 6% for A
fumigatus (95% Cl, 4%-7%). Atopy prevalence was also lower
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TABLE Il. Prevalence of fungal sensitization to 10 fungal agents
among 677 male AHS farmers, 2006-2008

All farmers Atopic* farmers
(n = 677) (n =141)
n Percent n Percent

Any fungal sensitizationf 28 4 21 15
Eurotiales

Aspergillus fumigatus 14 2 11 8

Penicillium chrysogenum 14 2 11
Pleosporales

Alternaria alternata 14 2 8 6

Curvularia lunata 7 1 7 5

Epicoccum purpurascens 14 2 11 8

Phoma betae 14 2 11 8
Saccharomycetales

Candida albicans 14 2 10 7
Helotiales

Botrytis cinerea 7 1 6 4
Hypocreales

Fusarium proliferatum 7 1 6 4
Capnodiales

Cladosporium herbarum 7 1 6 4

*Defined as total IgE level of 100 kU/L or more.
TSensitized (specific IgE level of >0.35kU/L) to any fungi.

(21%; 95% CI, 17%-25%) than that among the National Health
and Nutrition Examination Survey participants (30%; 95% ClI,
27%-33%).

Other studies of agricultural workers suggest greater fungal
sensitization among farmers.”™® While no studies appear to have
focused on the fungal sensitization associated with specific field
crops, 18% of greenhouse workers were sensitized to at least
1 of 4 fungal species as measured by the skin prick test, much
higher than what we observed even though our panel included
the same fungi in addition to 6 other species.’

While our study is among the largest to characterize fungal
sensitization among farmers, our analysis was limited because of
the low prevalence of sensitization and the high prevalence of
certain types of crop production and high correlation among these
crops. Our panel contained 10 common fungal species; many, but
not all, have been associated with commodity crops. If the panel
included a greater diversity of species, the prevalence of sensi-
tization may have been higher; however, given that most farmers
were multisensitized to fungi, it is unlikely that the addition of
other fungi would greatly alter our results. The participants were
older farmers, and so a healthy worker effect is possible where
sensitized farmers have been selected out of agriculture prior to
sampling. Our population was not selected on the basis of
respiratory disease history; thus, our lower estimates may reflect
the fact that other studies may have been enriched for individuals
with respiratory outcomes. The agricultural exposure history was
well characterized by detailed questionnaires; however, no envi-
ronmental exposure assessments were conducted. Because of the
high degree of correlation between some crops, most notably corn
and soybeans, and the high prevalence of growing these 2 crops,
we lacked statistical power to fully evaluate whether one or both
of these major crops contributed to fungal sensitization.

In conclusion, this study represents one of the largest and most
heterogeneous studies of fungal sensitization with regard to
agricultural activities. Both fungal sensitization and atopy were
low in this sample of US farmers compared with the US
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population. Individuals working with tobacco, orchard fruit, or
animals had a higher prevalence of fungal sensitization; however,
the sample size limited our ability to evaluate the influence of
specific crops. Because fungal exposures differ around the world
and rates of allergen sensitization differ on the basis of farming
history, future studies will need to focus not only on commodities
produced and specific fungal agents but also on population
characteristics that may have an impact on sensitization.

We thank Stuart Long for his assistance with data analysis. Findings and
conclusions in this report are those of the authors and do not necessarily
represent the views of the Association of Schools of Public Health and/or
the Centers for Disease Control and Prevention. Copies of questionnaires
are available at www.aghealth.org/questionnaires.html. We used the
P1REL201005, P3REL1090100, and AHSREL201004 releases of the AHS
data set.
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Helminthinfectionis associated with decreased
basophil responsiveness in human beings

To the Editor:

Helminth infections and allergic diseases are characterized by
increases in IgE and type 2 cytokines such as IL-4. Despite their
common immunopathogenesis, epidemiologic studies reveal an
inverse relationship between the prevalence rates of these dis-
eases'? and a number of animal experiments have demonstrated
that helminth infections can actively protect against the develop-
ment of allergy.2 While several mechanisms have been proposed,
the pathophysiology underlying this phenomenon remains
unclear.

Recently, we demonstrated that chronic helminth infections
suppress basophil responsiveness to IgE-mediated activation in
mice.? This phenomenon may be a principal mechanism under-
lying helminth-mediated protection against allergy because ba-
sophils are increasingly being recognized as functionally
important in allergic diseases. Basophils participate in the effec-
tor phase of allergic responses by releasing acute inflammatory
mediators such as histamine after IgE-mediated activation.
Through the release of IL-4, they also play a prominent role am-
plifying the type 2 responses that drive allergic diseases.*”
Given the many differences between murine and human baso-
phils,5’6 in this study we sought to determine whether basophil
suppression occurs in human beings infected with helminths. To
evaluate this, we compared basophil histamine release in
helminth-infected children before and after anthelmintic treat-
ment. Studies were approved by the institutional review boards
at the Universidad San Francisco de Quito, Ecuador, and at the
Uniformed Services University.

Parasitologic examinations were conducted on stool samples
from 28 children aged 8 to 14 years in a rural community in
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Esmeraldas province, Ecuador. Ascaris lumbricoides and Trich-
uris trichiura eggs were found in the stool of all children, and
Hymenolepis nana eggs were found in the stool of 2 children.
Blood from children was collected in heparinized tubes and
centrifuged. After centrifugation, plasma was carefully removed
and blood cells were washed twice with PBS. Blood cells were
resuspended to the original volume by using PBS, diluted with
Histamine Release Buffer (Beckman Coulter, Inc, Indianapolis,
Ind), and stimulated for 30 minutes with seven 4-fold concentra-
tions of anti-IgE (0.0005-2 pg/mL, Sigma-Aldrich, St Louis,
Mo) and ionomycin (5 pg/mL, Calbiochem, San Diego, Calif).
Stimulated blood was centrifuged for 10 minutes at 400g, super-
natant was acylated, and histamine levels determined by using a
competitive histamine ELISA (Beckman Coulter, Inc). The per-
centage of total histamine released was calculated by dividing
the amount of histamine released into the supernatant by the
amount of histamine in a lysed aliquot of blood. Infected chil-
dren were then treated orally with 3 daily 800 mg doses of al-
bendazole and a single dose of ivermectin at 0.2 mg/kg. Two
weeks after therapy, histamine release from blood basophils
was measured again from 22 of the treated children by using
identical stimulation conditions. To enable paired comparisons,
samples only from the 22 children who provided blood before
and after treatment were utilized in analyses. The 2-week time
point was chosen because human basophil lifespan is estimated
tobe 2to 14 days.7 Efforts were made to standardize blood pro-
cessing, and basophil activation studies were conducted on aver-
age 4.5 hours after blood draw.

When sufficient plasma was available, samples were analyzed
for circulating total IgE levels by using a human IgE ELISA
kit (Immunology Consultants Laboratory, Inc, Portland, Ore).
Two-tailed Wilcoxon signed ranked test was used to determine
statistical significance between paired samples. GraphPad Prism
version 4.03 was used for all statistical analyses.

To evaluate whether helminth infections play a role in
suppressing basophil function, histamine release from basophils
of infected children was measured 2 weeks after anthelmintic
therapy. As seen in Fig 1, substantial increases in basophil acti-
vation in response to IgE-mediated activation developed in en-
demic children after their infections were treated. Two weeks

w

100000 +

-3+

10000 4

[~

L u]

ﬂ,

1000

u]

[

100 +

Total IgE (ng/mL)

10

L) L]
Pretreatment Posttreatment

FIG 1. Blood basophil histamine release in response to anti-IgE and IgE levels from infected children before
and 2 weeks after anthelmintic treatment. A, Histamine released after stimulation with increasing concen-
trations of anti-IgE (n = 22 for pre- and posttreatment groups; *P < .05; **P < .01; ***P < .001). B, Total IgE
levels before and after treatment (n = 14 for pre- and posttreatment groups).
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TABLE E1. Demographic, lifestyle, and medical characteristics of the 677 AHS farmers by fungal sensitization and atopic status

Fungal sensitized

Characteristics Yes (n = 28) No (n = 649) Atopic (n = 141)* Nonatopic (n = 536)
Age (y) at blood draw, mean (SD) 63 £ 14 61 £ 12 63 £ 12 60 = 12
n % n % n % n %

Atopy* 21 75 120 18 141 100 0 0
Body mass index (kg/m?)

<25 6 21 122 19 26 19 102 19

25-30 12 43 327 50 65 46 274 51

>30 10 36 200 31 50 36 160 30
Smoking history

Ever smoked 11 39 277 43 61 44 227 42

Never smoked 17 61 371 57 80 57 308 57
Alcohol consumption

Ever 16 57 406 63 87 62 335 63

Never 12 43 243 37 54 38 201 38
State

Iowa 13 46 329 51 61 43 281 52

North Carolina 15 54 320 49 80 57 255 48
Respiratory symptoms and diseases

Hay fever 13 46 119 18 37 27 95 18

Wheeze in the past 12 mo 12 43 131 20 42 30 101 19

*Defined as total IgE level of 100 kU/L or more.
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