Bronchial asthma caused by two unrelated
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Vegetable-induced asthma is an uncommon hazard. We report an atopic housewife, in whom rhinoconjunctivitis and
acute asthma were associated with two vegetables of taxonomically unrelated botanical families (Swiss chard/
Chenopodiaceae family and green beans/legume family). Type I hypersensitivity to the antigens in Swiss chard and
green beans was demonstrated by means of skin tests, histamine release test, and specific IgE determination by
RAST. Bronchial responses after specific bronchial challenges indicated that Swiss chard and green beans might be
the causative factors for the acute asthma.

INTRODUCTION

Allergic symptoms caused by foods
are more often produced after their
ingestion. Food allergens acting as
inhalants, however, can induce res-
piratory symptoms in sensitized
subjects, and even primary sensiti-
zation might develop by this route.

Fruits and vegetables are com-
mon dietary items worldwide. They
have important nutritive properties
but can also be harmful in sensitized
individuals. In fact, vegetables are
among the more important sources
of organic allergens known.! De-
spite frequent food sensitization,
cases of allergic reactions due to in-
halation of vegetables have rarely
been reported.>*

Recently, we studied a housewife
who suffered from acute asthma as-
sociated with handling Swiss chard
and green beans and inhaling vapors
of boiling Swiss chard and green
beans. Swiss chard (Bera vulgaris L.
cycla) is a vegetable belonging to the
Chenopodiaceae family, which also
includes spinach and beetroot.
Green beans (Phaseolus multiflo-
rus) belong to the legume family,
which includes vegetables widely
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consumed throughout the world. A
possible cross-reactivity between
Swiss chard, green beans and botan-
ically related vegetables and weed
pollens was investigated. To our
knowledge, there is only one pre-
vious report published (by our
group) about allergic complaints
due to Swiss chard.®

CASE REPORT

The patient was a 46-year-old
housewife, a nonsmoker, with a 10-
year history of seasonal rhinocon-
junctivitis and mild asthma.

During the last 8 years she had
presented with nasal and ocular
itching, sneezing, and rhinorrhea
within a few minutes of handling or
inhaling the vapor of Swiss chard or
green beans cooked at home. These
symptoms were followed in 30 min-
utes by cough, wheezing, and short-
ness of breath which persisted for a
few hours after exposure. The same
symptoms developed when she vis-
ited a grocery. She was able to eat
and to handle cooked Swiss chard
and green beans without any reac-
tion and had no reactions to any
other foods.

Clinical and immunologic studies
were performed out of pollen sea-
son. Physical examination, full
blood count, chest and sinus radio-
graphs all were normal. Total IgE
was 115 IU/mL (4, 8 to 160 1U/
mL). Spirometry revealed an FEV,

of 120% and an FVC of 128% of
predicted normal.

MATERIALS AND METHODS

Swiss Chard, Green Bean and
Spinach Extracts for in Vivo and in .
Vitro Tests

One hundred grams of raw Swiss
chard, green beans, and spinach
were ground and passed through fil-
ter paper. The solutions were di-
alyzed by a Spectrapor (standard
cellulose dialysis tubing, molecular
weight cutoff 10 kD) (Spectrum
Medical Industries Inc, US) in phos-
phate buffered saline (PBS) (pH 7.3)
for 24 hours at 4 °C. Afterwards, the
solutions were centrifuged at 2500 g
for 15 minutes and passed through
a 0.22-p millipore filter (Millipore
Corp., Bedford, MA) for steriliza-
tion. These extracts were considered
1:1 vol/vol concentration, and had
a final protein concentrations of 2.8
mg/mL (Swiss chard), 0.25 mg/mL
(green bean), and 0.9 mg/mL (spin-
ach) as measured by the Bradford
method (Bio Rad, Miinchen, Ger-
many). Nondialyzed and heated
(100 °C % 30 min) Swiss chard and
green bean extracts were also ob-
tained.

Legume Extracts for in Vivo and in
Vitro Tests

Two grams of lentil, chickpea, and
Lathyrus sativus respectively was
ground and dissolved in 10 mL of
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PBS at laboratory temperature.
After stirring for 30 minutes, the
same procedure described above
was followed. The three extracts ob-
tained had final concentrations of
1:5 wt/vol and protein concentra-
tions of 11.6 mg/mL (lentil), 9.6
mg/mL (chickpea), and 12.6 mg/
mL (Lathyrus sativus).

Skin Prick Tests (SPT)

Skin prick tests were done with the
dialyzed, nondialyzed, and heated
Swiss chard and green bean extracts.
Three normal persons and seven
atopic individuals served as con-
trols. We also tested the spinach and
the legume extracts, as well as raw
Swiss chard, green beans, and other
vegetables of Chenopodiaceae fam-
ily (spinach and beetroot) by the
prick method. A battery of com-
mercially available common inhal-
ants and food allergens (Bencard,
Worthing, UK) were also tested. Fi-
nally we performed SPT with other
pollens (birch, mugwort, ragweed,
Chenopodium album, and Salsola
kali), and commercial vegetable ex-
tracts (Swiss chard, spinach, green
beans, chickpea, lentil, green peas,
and haricot bean) (Leti, Barcelona,
Spain). All skin tests were examined
at 15 minutes, 6 hours, and 24
hours. We measured the largest
wheal diameter and considered a
reaction positive if the wheal size
induced by the allergen was 3 mm
or more larger than the negative
control (PBS). Histamine phos-
phate, 10 mg/mL, was used as pos-
itive control according to the rec-
ommendations of the European
Allergy Subcommittee on skin
tests.’

Leukocyte Histamine Release

Tests

This was performed using an auto-
mated fluorometric method accord-
ing to Siraganian® with the modifi-
cations previously described,’ with
four different concentrations (1:5,
1:25, 1:125, and 1:625) of the fol-
lowing extracts: Swiss chard, spin-
ach, and green bean extracts; leg-
ume extracts; commercial vegetable
extracts; and pollen extracts (Chen-

opodium album, Salsola kali, grass
pollen, European olive, birch, mug-
wort, and ragweed). A result of more
than 10% release was considered
positive.'"® Three pollen-sensitive
subjects were also tested with our
own extracts.

Specific IgE Determinations

We used the CAP assay for com-
mercially available allergens, fol-
lowing manufacturer’s instructions
(Pharmacia, Uppsala, Sweden).
Specific IgE to Swiss chard, green
beans, and spinach was measured
by modification of the RAST. Swiss
chard, green bean, and spinach ex-
tracts were coupled to nitrocellulose
paper discs (Hoeffer Scientific In-
strument, UK), by a 48-hour incu-
bation period at 4 °C. Then the pa-
tient’s serum was added to the discs
and incubated for 48 hours at room
temperature, Afterwards, '’I Ila-
beled anti-IgE was added and results
were expressed in PRU/mL as de-
rived from the Phadebast RAST ref-
erence system. For present purposes
we have arbitrarily defined results
equal to or above 0.35 PRU/mL as
positive. The RAST was performed
in duplicate for each extract. The
control group consisted of a pool of
sera from seven pollen-sensitive
subjects and a pool of sera from
three nonatopic subjects.

RAST Inhibition Assays

RAST inhibition assays were per-
formed as follows: 25 uL of three
different dilutions (1:1, 1:10, 1:100
vol/vol) of the inhibitor allergen and
25 uL of PBS as negative control
were incubated with 50 uL of serum
for one hour at 24°C as liquid
phase. Then, our own discs men-
tioned above were added as solid
phase. After incubating for three
hours, the standard RAST tech-
nique (Pharmacia, Uppsala, Swe-
den) was followed. The percent
RAST inhibition was expressed as:

I — (cpm test sample/cpm
PBS control) x 100%.

Swiss chard and green bean discs
as solid phase and Swiss chard,
green bean and Chenopodium al-
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bum, Lolium perenne, and Olea eu-
ropaea pollens as inhibitor antigens
were used.

Bronchial Provocation Tests (BPT)
Methacholine inhalation was per-
formed according to the method of
Cockcroft'' with some modifica-
tions. The aerosolized particles were
generated by a continuous pressur-
1ized nebulizer model De Villbis 646,
with a fitted output of 0, 28 mL/
min.

The patient was first skin tested
with tenfold dilutions of the extracts
to determine a safe starting dose for
the BPT. At daily intervals, the pa-
tient inhaled each aerosolized aller-
gen in progressive concentrations
for two minutes at tidal volume.
The initial concentration was a
1:1,000 vol/vol green bean extract
and a 1:10,000 vol/vol Swiss chard
extract. A control challenge with
PBS was carried out before antigen
challenges. Baseline pulmonary
function measures of FEV,, FVC,
and PEFR were performed and re-
peated at 10, 20, 30, 40, 50 minutes,
1 hour, and 2 hours after each chal-
lenge. A positive immediate re-
sponse was defined as =20% fall in
FEV,. Peak flow measurements
were performed every four hours
during a 24-hour period following
each challenge in order to evaluate
the late response. This was consid-
ered to be present if a =25% fall in
PEFR from baseline was recorded.'?
Two nonexposed asthmatic patients
with similar nonspecific reactivity
were also challenged after obtaining
their informed consent.

RESULTS

Immediate positive responses were
obtained in the SPT with the Swiss
chard and green bean extracts. All
SPT were negative in the control
subjects. Skin prick tests with lentil
and Lathyrus sativus extracts and
grass, European olive, and Cheno-
podium a. pollens were also positive
in the patient but negative results
were obtained with the other aeroal-
lergens and food allergens tested.
Skin prick test results are shown in
Table 1.
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Leukocyte histamine release test
was positive in our patient with
Swiss chard, green bean, lentil, and
Lathyrus sativus extracts; with
Chenopodium a., Salsola k., and
European olive pollens; and nega-
tive with the other allergens tested
(Fig 1). The histamine release test
results with our own extracts were
negative in control subjects.

Significant levels of specific IgE

Tabie 1. Skin Prick Test Results (size of
wheal in mm)

Swiss chard
Dialyzed extract
Nondialyzed extract
Heated extract
Commercial extract
Raw (prick)

Green bean
Dialyzed extract
Nondialyzed extract
Heated extract
Commercial extract
Raw (prick)

Spinach extract

Lentil extract

Lathyrus sativus extract

Grass pollen

European olive pollen

Chenopodium a. polien

Negative control (PBS)

Histamine, 10 mg/mL

O O
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9% HISTAMINE RELEASE

antibodies were found in the pa-
tient’s serum to Swiss chard (0.78
PRU/mL), green bean (0.68 PRU/
mL), lentil (0.42 KU/L), and Chen-
opodium a. pollen (0.48 KU/L).
Negative results with the noncom-
mercial extracts were obtained in
control subjects. Swiss chard RAST
was inhibited up to 88% with the
Swiss chard extract and up to 75%
by the Chenopodium album pollen.
Green bean RAST was inhibited up
to 90% with the green bean extract.
Only a 25% inhibition was observed
between Swiss chard and green
bean, while the inhibitions pro-
duced by Olea europaea, Lolium
perenne, and between green bean
and Chenopodium album pollen
were below 15%.

Bronchial challenge with metha-
choline revealed bronchial hyper-
reactivity (PCy 1 mg/mL). After
bronchial provocation with Swiss
chard extract 1:100 vol/vol, the pa-
tient had both immediate and late
responses. FEV, decreased 21% at
40 minutes and returned to baseline
two hours later. Eight hours after
the challenge, a 35% fall in PEFR
was recorded, which returned to
baseline values 24 hours later. The
patient also had a dual response
with the 1:100 vol/vol green bean
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Figure 1. Histamine release test with four different concentrations of the following extracts:
green bean (GB), Swiss chard (SC), lentil (L), and Lathyrus sativus (LS); and with the following
pollens: Chenopodium album (CH), Salsola kali (S), and European olive (O).

extract dilution. FEV, decreased
25% at 20 minutes and returned to
baseline one hour later. A 25% fall
in PEFR was seen eight hours later
and returned to normal values at 24
hours (Fig. 2). Control subjects
showed no significant response after
bronchial provocation with both ex-
tracts.

DISCUSSION

Reports published to date suggest
that most adverse reactions to in-
haled food allergens are the result of
IgE-mediated reactions.”® In our
case, the positive skin tests with
Swiss chard and green beans as well
as the positive histamine release
tests and the demonstration of Swiss
chard and green bean-specific IgE
antibodies by RAST in patient’s
serum strongly suggest that the pa-
tient had developed type I hypersen-
sitivity to the antigens in Swiss
chard and green beans. Further-
more, the bronchial response after
specific provocation tests confirmed
the causative role of these two veg-
etables for the symptoms reported
by the patient.

It’s interesting to note the lack of
cutaneous response to commer-
cially available vegetable extracts,
which is in accordance with pre-
vious observations.*®!* It should
also be noted that loss of allergen-
icity was observed with the heated
extracts, which might serve to ex-
plain why the patient was able to
eat and handle cooked Swiss chard
and green beans without ill effects.
The positive skin prick test results
obtained with the dialyzed as well
as with the nondialyzed extracts
suggest that antigens in Swiss chard
and also green beans must be mac-
romolecules (molecular weight > 10
kD).

Evidence of sensitization to other
legumes was found in our patient
although she tolerated their inges-
tion. Cross-reactivity among leg-
umes without clinical relevance has
been previously described.”> Al-
though no cross-reactivity was ob-
served among vegetables of the
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Figure 2. Bronchial provocation test with 1:100 vol/vol Swiss chard extract (@&—@) and
1:100 vol/vol green bean extract (l——M). FEV, was measured during the first two hours and

PEFR from 4 to 24 hours.

Chenopodiaceae family, the patient
was sensitized to Chenopodium al-
bum pollen, a weed belonging to this
botanical family. Further, as RAST-
inhibition assay results suggest,
common allergenic determinants
are present in Swiss chard and
Chenopodium album pollen.

We were not able to detect signif-
icant cross-reactivity between Swiss
chard and green beans by means
of the RAST inhibition study. For
this reason, we assume the patient
developed independent type I hy-
persensitivity to the Swiss chard an-
tigens as well as to the immunolog-
ically unrelated green bean antigens.
These food allergens acting as in-
halants are causative factors for oc-
cupational symptoms.

Housewives are occupationally
exposed to numerous potential food
allergens. Their causative role may
easily remain undiagnosed. For
these reasons, we consider this case
of interest.
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