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Occupational asthma due to spinach
powder

Background and aims:Acting as inhaled antigens, foods can cause respiratory

diseases. We report the case of a 45-year old male baker, with no past history

of atopy, with symptoms of rhinoconjunctivitis and bronchial asthma in relation

to the manipulation of dehydrated spinach powder used for the enrichment of

whole-grain flours in the preparation of whole-grain bread. The patient tolerates

the ingestion of spinach, bread and bakery and pastry products. Methods: Skin

prick tests were performed with an extract of the dehydrated spinach powder

(30 mg/ml), as well as a nasal challenge test with spinach powder extract (10

mg/ml) and specific IgE quantification by the HY-TEC-EIA and SDS-PAGE

immunoblotting methods. Results: The prick test with the dehydrated spinach

powder extract was positive, as was the nasal challenge test with a 1:1000 dilu-

tion of the 10 mg/ml extract, causing immediate clinical symptoms of rhinitis

with increased nasal airflow resistance and a >50% drop in the total nasal air-

flow. The specific serum IgE level was 1.64 kU/ml, and the SDS-PAGE immu-

noblotting technique disclosed an IgE-binding protein band with a molecular

weight of 29.6 kDa. Conclusions: A case of IgE-mediated immediate hypersen-

sitivity to dehydrated spinach powder is reported, in a baker who evidenced rhi-

nitis and asthma upon manipulating this material. The patient remains asympto-

matic when avoiding contact with the allergen. Sensitisation to other vegetable

antigens present in the bread dough may be the cause of occupational asthma

caused by hidden and infrequent antigens.
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Asma ocupacional por polvo de espinaca

Antecedentes y objetivos:Los alimentos pueden ser causa de enfermedades respirato-

rias como antígenos inhalados. Se presenta un caso de un varón de 45 años, panadero,

sin antecedentes de atopia, que presenta síntomas de rinoconjuntivitis y asma bron-

quial en relación con la manipulación de polvo de espinaca deshidratada, que utiliza

para el enriquecimiento de harinas integrales en la fabricación del pan integral. El pa-

ciente tolera la ingesta de espinaca, pan y bollería. Material y métodos:Se realizó

prick test con extracto de polvo de espinaca deshidratada (30 mg/ml) y prueba de pro-

vocación nasal con extracto de espinaca deshidratada, así como determinación de IgE

específica mediante el método HY-TEC-EIA e SDS-PAGE-immunoblotting. Resulta-

dos:El prick testcon extracto de polvo de espinaca deshidratada (30 mg/ml) fue posi-
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tivo. La prueba de provocación nasal con el extracto de espina-

ca deshidratada fue positiva a una dilución 1/1000 desencade-

nándose de forma inmediata síntomas clínicos de rinitis; se pu-

do observar aumento de las resistencias y disminución en el

flujo total mayor del 50%. La IgE específica fue de 1,64 kU/L

y mediante la técnica SDS-PAGE immunoblottingse determi-

nó una banda proteica fijadora de IgE de 29,6 KDa. Conclu-

siones:Se describe la hipersensibilidad mediada por IgE frente

a polvo de espinaca en un paciente panadero que presentaba

síntomas de rinitis y asma con su manipulación. El paciente se

encuentra asintomático al evitar su contacto. La sensibilización

a otros vegetales utilizados en la masa del pan puede ser la

causa de asma ocupacional por antígenos ocultos y poco fre-

cuentes.

Palabras clave: Alergia. Asma. Espinaca. Enfermedad ocu-
pacional.

F oodstuffs can be the cause of allergic respiratory

disease when acting as inhaled antigens. The best-

known example of such a condition is bakers’

asthma, caused by exposure to the flour of grains or pulses

such as soybean or vetch1-3.

The aim of the present work is to demonstrate the

relationship between clinical symptoms in a baker and a

possible sensitisation to another vegetable product: spi-

nach. The patient uses spinach in the course of his daily

work for vegetable fibre enrichment of whole grain flours.

Spinach, Spinacea oleracea, is an herbaceous plant

of the Chenopodiaceae family. The leaves are appropriate

for human consumption when still tender. It is highly ap-

preciated as a source of folates, magnesium, calcium and

sodium, as well as the vitamins A, C and E.

Spinach is used, because of its laxative and diuretic

properties, as a complement to the usual grain flours in

the manufacture of whole grain bread.

CASE REPORT

A 42-year old male with no remarkable personal his-

tory and in particular with no personal or family history of

atopy came to our Centre because of symptoms of rhino-

conjunctivitis over the past three years; in the last year he

had also presented cough, dyspnoea and wheezing.

The patient associated the occurrence of these symp-

toms to his occupational environment, and more specifi-

cally with the manipulation of dehydrated spinach powder

which he uses for the enrichment of whole grain flours in

the manufacture of bread.

The bakery where he works belongs to his family,

and since childhood the patient has been present in the

premises without developing symptoms until those repor-

ted first appeared. Dehydrated spinach has been used as a

bakery complement since about five years.

When the patient first came to our Centre he worked

basically in an administrative capacity and only sporadi-

cally co-operated in the actual manufacture of bread; over

the last year he had presented symptoms of rhinocon-

junctivitis and asthma when so doing. The same symp-

toms also occurred if the doors and barriers separating the

administrative area from that where bread was manufactu-

red were not carefully closed.

The symptoms were initially controlled with the oc-

casional inhalation of salbutamol. However, six months af-

ter they first appeared the patient had an acute episode re-

quiring emergency therapy, and his family physician

initiated treatment with budesonide, 400 µg b.i.d. He was

asymptomatic when he first consulted at our Centre.

METHODS

In vivo studies: skin tests and nasal challenge test
• Skin prick tests were performed with a panel of the

airborne allergens that are common in our environment:

household dust mites, animal epithelia, latex, grass, olive,

plantain and cypress pollens, and herbaceous plant pollens

including the Chenopodiaceae family. The habitual study

for bakers was also carried out, with prick tests with whe-

at, barley, rye, oat and corn flours, enzymes (α-amylase,

trypsin, chymotrypsin, papain), environmental and storage

moulds, grains (wheat, barley, rye, oat, corn) and storage

mites (Acarus siro, Lepidoglyphus destructor, Tyrophagus

putrescentiae),in all cases according to the EAACI re-

commendations. Prick tests were also performed with a

commercially acquired spinach extract (CBF Leti, Barce-

lona, Spain), as well as with other leaf vegetables.

• The patient provided the dehydrated spinach he ma-

nipulated at the bakery, and an extract was prepared at a 30

mg/ml protein concentration (Bial-Arístegui Laboratories,

Bilbao, Spain). Prick tests were performed with this extract

on the patient and on atopic and non-atopic control subjects.

• The in vivostudies were completed with nasal challen-

ge tests with a barley flour extract and with the dehydrated
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spinach extract prepared by Bial-Aristegui (10 mg/ml concen-

tration). A baseline rhinomanometry was performed prior to

the test while the patient was asymptomatic and without me-

dication, and the dehydrated spinach extract was then instilled

at a 1:1000 dilution. Clinical and rhinomanometric (Rhinotest

MP 500 rhinomanometer) were then carried out. Control tests

were performed on both atopic and non-atopic subjects.

In vitro studies: specific IgE detection and SDS-PAGE
• The total serum IgE levels, as well as the specific IgE

ones to spinach, pollens, flours and grains were quantified by

the Pharmacia CAP-System (Pharmacia, Uppsala, Sweden).

Specific IgE antibodies to the dehydrated spinach

provided by the patient were detected using the HY-TEC-

EIA procedure with reagent discs provided by Ifidesa-

Arístegui Laboratories (Bilbao, Spain), with the allergen

coupled (2 mg/disc) to BrCN-activated paper discs. The

tests were developed with the HY-TEC-EIA specific IgE

equipment (Hycor Biomedical, Inc.).

The SDS-PAGE procedure was carried out at Bial-

Arístegui Laboratories using the discontinuous method

described by Laemmli in 12% acrylamide gel, with pro-

tein staining with Coomassie blue R-250 or argentic stain

as required, and with parallel application of a standard la-

ne with protein markers of known molecular masses

(Pharmacia Biotech): phosphorylase B (94.0 kDa), bovine

serum albumin (67.0 kDa), ovoalbumin (43.0 kDa), carbo-

nic anhydrase (30.0 kDa) and α-lactoalbumin (14.4 kDa).

The standard and the sample were applied at 10 µ/lane vo-

lume, with 20 µg protein (Bradford) in each application

when the Coomassie blue stain was used and with 1 µg

protein when the argentic stain was used. The argentic

stain was carried out with the Silver Stain Plus apparatus

(Bio-Rad), according to the manufacturer’s instructions.

The proteins separated at the SDS-PAGE were elec-

trotransferred to PVDF membranes (Immobilon P) and

then incubated with the patient’s serum. The IgE-binding

bands were developed with an enzymatic system using an

IgE-peroxydase conjugate that was developed with 4-Ch-

loro-1-naphthol or with Lumigen PS-3 (chemoluminiscen-

ce detection) as convenient. The molecular mass standard

was developed with Amido black.

RESULTS

In vivo studies: skin tests and nasal challenge (Table I)
• The skin prick tests with the standard allergen pa-

nels were negative but for barley flour (3 x 3 mm wheal).

The prick test with the commercially acquired spinach ex-

tract was also positive (3 x 3 mm wheal).

The skin prick test with the dehydrated spinach ex-

tract prepared by Bial-Arístegui at 30 mg/ml concentration

was clearly positive in the patient, with a 14 x 9 mm whe-

al, and negative in all the control subjects.

Even though the patient did not manipulate barley

flour at his workplace, and considering the results of the

skin tests, the in vivo study was completed with a nasal

challenge test with barley flour extract (CBF Leti Labora-

tories), progressively increasing the instilled concentration

up to a 1:1 dilution. This test was negative, with neither

clinical nor rhinomanometric changes.

The nasal challenge test with the 10 mg/ml dehydra-

ted spinach extract was positive at the 1:1000 dilution, with

nasal pruritus, hydrorrhoea and obstruction, and the rhino-

manometry disclosed a drop in the total nasal airflow by

over 50%; the total nasal airway resistances increased over

tenfold as compared to the baseline rhinomanometry value.

In vitro studies: specific IgE detection and SDS-PAGE
• The total serum IgE level was 98.88 kU/l.

• The specific IgE quantitation (Pharmacia CAP-Sys-

tem) was positive for barley flour (3.40 kU/l, Class 2) and

also for spinach (6.34 kU/l, Class 3).

• The specific IgE to dehydrated spinach (HY-TEC-

EIA) was positive (1.64 kU/l, Class 2).

• The SDS-PAGE immunoblotting procedure dis-

closed an IgE-binding band with a molecular mass of

29.6 kDa. When the assay was carried out with an ex-

tract prepared from spinach tablets (prepared with the

proteins that precipitate after dialysing the proteins ex-

tracted from the spinach powder), a 32-kDa protein band

appeared. It is quite probable that both results are due to

the same protein, which appears in slightly different

forms in the two samples due to the precise nature of the

sample itself (state of the protein and of other accompan-

ying ones, other non-protein compounds in the sample,

etc.) (Fig. 1).

Table I. Results of the in vivo tests

Prick-test (mm) CAP-IgE (kU/l)
Nasal challenge

test

Spinach 14x9 6,34 Positive

Barley flour 3x3 3.60 Negative
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DISCUSSION

We report one case of sensitisation to dehydrated

spinach powder in a baker who habitually manipulates that

material at his workplace.

It has been known for decades that exposure to grain

flours and dusts/powders may cause respiratory symptoms

of rhinitis and bronchial asthma. The concept of bakers’

asthma as an occupational disease was first introduced in

1929 by DeBesche1, and since that time multiple allergens

have been proposed as causing respiratory symptoms, and

not only grain components but also components of their

many contaminants (pollens, spores, enzymes, mites, ...).

Asthma caused by inhalation of diverse vegetable

flours used by bakers (legume, soybean and vetch flours)

has been described and studied in depth2,3.

In the present case, the patient had been working

since childhood in a family-operated bakery and had star-

ted evidencing symptoms three years prior to consultation;

he clearly related these symptoms to exposure to dehydra-

ted spinach powder. This material, because of its laxative

and emollient properties and of its vitamin A, C and E,

iron, folate, magnesium and calcium contents, is used by

some bakeries as a complement in the manufacture of

whole grain bread. The material is used in dehydrated

form, as cylinders some 3 cm in length, which are admi-

xed to the flours and other additives.

Spinach, Spinacea oleracea,is an annual herbaceous

plant of the Chenopodiaceae family, short in stature and

with dark green leaves inserted into a short stalk. The lea-

ves are adequate for human consumption while still young

and tender. Its use was introduced in Spain by the Arabs,

and the leaves are at present available during the whole

year, and are used in fresh, frozen or also dehydrated

forms.

Sensitisation to other green vegetables (green beans,

potato, silver-beet) has been described in housewives who

developed asthma after the inhalation of the cooking va-

pours4. Contact urticaria upon manipulation of these vege-

tables is common among these patients, and cross-reacti-

vity studies between the various different vegetables have

confirmed this phenomenon in skin tests and in vitro stu-

dies, yet without clinical relevance. These patients eviden-

ced rhinitis and bronchial asthma due to grass pollen sen-

sitisation and contact urticaria while manipulating the

green vegetables, but tolerated the intake of those same

vegetables.

The patient here reported had no urticarial symptoms

when manipulating the dehydrated spinach, and he repor-

ted no problems when eating it, either raw or cooked. He

also did not evidence sensitisation to grass pollens or to

other pollens of the Chenopodiaceae family.

As for symptoms after spinach intake, there have be-

en reports of the oral allergy syndrome5 and even of exer-

cise-induced anaphylaxis, but in the latter case there was

cross-reactivity to latex6, a finding also reported in relation

to other Chenopodiaceae.

There is one report of extrinsic allergic alveolitis

caused by the inhalation of spinach powder used as a fo-

odstuff colouring. This patient developed severe disease

with fever and dyspnoea, and with severe restrictive chan-

ges in the lung function tests. The diagnosis was confir-

med by the demonstration of specific IgG2 antibodies in

the patient’s serum7.

In the case here reported, hypersensitivity has been

demonstrated to the dehydrated spinach he manipulates in

the bakery in the course of its use as an enriching comple-

ment to whole grain flours, which is mixed to those flours

during the manufacturing process.

An immediate, IgE-mediated mechanism has been

Fig. 1. SDS-PAGE Immunoblot. A: spinach powder extract; B: spinach
powder tablet extract. Lanes “P”: patient’s serum; lanes “C”: control
serum (serum pool from non-allergic subjects); lane “M”: molecular
mass standard.
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demonstrated in vivo through the positive skin tests with

negative controls and through the specific nasal challenge

test with the suspected allergen, which in our patient had

positive results at a low allergen concentration.

The presence of specific IgE antibodies in the pa-

tient’s serum has been demonstrated, and the SDS-PAGE

procedure disclosed an IgE-binding protein band with a

molecular mass of ca. 30 kDa upon incubation of the

dehydrated spinach extract with the patient’s serum.

The patient improved when using a face mask while

at work, and at present he has no contact with the bakery

area where the flour and the spinach powder are mixed.

He thus remains symptom-free without any nasal or bron-

chial medication.

The patient has at all times tolerated the intake of

spinach, both raw and cooked, and also of bread and other

bakery products. No further sensitisation cases have been

detected among the patient’s work companion, despite the

frequent use of this vegetable complement in flours as a

result of the increasing demand for whole-grain bread.

It should therefore be underscored that sensitisation

to other vegetable compounds used in the preparation of

bread dough may be a cause of occupational asthma due

to occult and/or infrequent antigens.

In summary, we have presented a case of rhinocon-

junctivitis and bronchial asthma caused by the manipula-

tion of dehydrated spinach in the preparation of bread

dough. An IgE-mediated mechanism has been shown to be

responsible through the skin tests, the specific IgE quanti-

tation and the demonstration of an IgE-binding protein

with a ca. 30 kDa molecular mass in the SDS-PAGE im-

munoblotting studies.

REFERENCES

1. Von Distoeck HAE, Roux DJ. Sensitisation to flour an flour illness
among flour workers. J Hyg 1939; 39: 674.

2. Bush RK, Schroekenstein D, Meier-Davis S, Balmes J, Rempel D.
Soybean flour asthma: detection of allergenes by immunoblotting. J
Allergy Clin Inmunol 1988; 82: 251-255.

3. Fraj Lázaro J, Quirce Gancedo S, Martín Romero C, Cuevas Agustín
M, de la Hoz Caballer B, Dávila González I, et al. Reacciones de hiper-
sensibilidad inmediata a la harina de almorta (Lathyrus sativus) Rev
Esp Alergol Inmunol Clin 1991; 6: 47-51.

4. De la Hoz Caballer MB. Asma ocupacional. Asma ocupacional del
ama de casa. Los alimentos como aeroalérgenos en el medio domésti-
co. En: Eloy Losada Cosmes, Miguel Hinojosa Macías. Editorial JR
Prous Editores 1995; 5: 187-208.

5. Sánchez I, Rodríguez F, García-Abujeta, JL, Fernández L, Martín-Gil D.
Oral allergy síndrome induced by spinach. Allergy 1997; 52: 1245-1246.

6. Maillard II, Machet L, Meurisse Y, Garot D, Toledano C, Jan V, et al.
Cross-allergy to latex and spinach. Acta Derm Venereol 2000; 80: 51.

7. Schreiber J, Muller E, Beccker WM, Zabel P, Schalaak M, Amtor M.
Spinach powder-induced exogenous allergic alveolitis. Pneumologie
1998; 52: 61-65.


	SUMARIO: 


