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Purpose of review

A prevalence of asthma over 5% has been reported in flower
farmers, and work inside greenhouses has emerged as an
additional risk factor. Workplace determinants behind this high
prevalence has been examined, and a prevalence of
sensitization to workplace allergens over 30% has been
reported being pollens, moulds, and Tetranychus urticae
allergens the main sensitizers. Bronchial challenge tests in the
workplace have demonstrated occupational asthma in more
than 20% of the sensitized greenhouse growers.
Recent findings

Air contamination inside greenhouses is mainly related to
moulds, and is facilitated by the high indoor temperature and
humidity. Cladosporium, Penicillium, Aspergillus, and
Alternaria and a wide range of flower pollens are able to
sensitize the greenhouse worker and cause occupational
asthma. Tetranychus urticae have allergens shared with other
mites, but the low prevalence of cross-sensitization between
them confirm that Tetranychus urticae contains
species-specific allergens thay may cause respiratory
symptoms. Additionally, working inside greenhouses has been
related to an increase in the prevalence of chronic bronchitis in
nonsmokers.
Summary

The cultivation of greenhouse crops may cause occupational
asthma through sensitization to workplace pollens, moulds,
and Tetranychus urticae allergens. In greenhouse flower
growers, skin testing identifies sensitization to these allergens
in one third of the growers, and more than one fifh of the
sensitized workers will develop occupational asthma.
Greenhouse work has also been related to chronic bronchitis
in nonsmokers, suggesting a causal effect of greenhouse air
contaminants on this disease as well.
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Introduction
Agriculture workers are currently exposed to a variety of

respiratory irritants and sensitizers, such as pollens,

moulds, endotoxin, mites, and pesticides [1–3], and the

exposure to field crops for long periods has been con-

sidered a risk factor for respiratory symptoms [4]. The

European Farmers’ Study reported a 3.2% asthma prev-

alence for crop farmers [5], a figure similar to that re-

ported for the general European population [6], but

demonstrated an increase in the prevalence of respiratory

symptoms in farmers cultivating some specific crops,

like grain, oil plants, and flowers [5]. An unexpectedly

high 5.1% prevalence of asthma for flower and/or orna-

mental plant growers emerged from that study, and

working with this crop turned out to be a statisti-

cally significant risk factor for this disease (adjusted OR

2.1, 95% CI: 1.1–3.9). Additionally, the European Farm-

ers’ Study pointed to an increase in the prevalence of

asthma in growers working inside greenhouses, up to

10% when the growers spend more than two hours per

day working inside, and this relation approached statis-

tical significance (adjusted OR 2.1, 95% CI: 0.9–4.5).

Greenhouse cultivation was used by almost 30% of the

flower growers participating in the European Farmers’

Study, and was also used by 15% of the farmers cultivat-

ing vegetables and/or tomatoes and almost 10% of the

fruit growers [5,7].

Indoor air contaminants
Air contaminants inside flower greenhouses has been

measured and compared with air contaminants in animal

confinement houses, an occupational environment that

causes respiratory symptoms at work [8••]. Flower

greenhouses usually have a bigger size than confinement

buildings, usually over 1000 square meters, and have a

minimal air contamination by dust, unmeasurable in

most cases, and endotoxin, that exceptionally reaches

concentrations over 10 ng/cubic meters. The tempera-

ture inside greenhouses, however, is usually higher than

the temperature in confinement buildings, and this char-

acteristic, together with the high indoor humidity, allows

for the growing of moulds, which may reach concentra-

tions of over 10,000 colony-forming units per cubic meter

[8••]. In this environment, common respiratory sensitiz-

ers like Cladosporium, Penicillium, Aspergillus, and Alter-
naria, can be easily recovered [9] (Fig. 1).

Pesticides are often used inside greenhouses, and in the

European Farmers’ Study, three quarters of the studied
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greenhouse farmers sprayed pesticides inside the green-

house at least once per week [8••]. These products at-

tain measurable concentrations inside the greenhouse

[10], and can cause systemic disease [3]. Types of pes-

ticide used and application patterns according to season

make it difficult to correlate exposure to respiratory

symptoms in greenhouse growers. However, the use of

pesticides was found to be a well-defined risk factor for

asthma in a cross-sectional study that examined open-air

crop farmers [12].

Sensitization
Sensitization to Cladosporium, Penicillium, Aspergillus,
and/or Alternaria has been reported in near 20% of the

greenhouse flower growers [9], but greenhouse workers

are also exposed to other allergenic agents such as flower

pollens and the Tetranychus urticae allergens that can

cause sensitization and asthma. Goldberg et al. [13], in a

cross-sectional study of 75 flower growers, found sensi-

tization to flower allergens in one half of the subjects, a

prevalence much higher than found in a reference popu-

lation. Similarly, Monso et al. [9] found a prevalence of

sensitization over 20% in greenhouse flower growers, un-

related to the greenhouse characteristics or the concen-

tration of indoor sensitizers, but closely associated with

atopy [9]. The range of flowers with antigenic capabili-

ties in these two studies was very wide, and includes

members of the Ateraceae, Ranunculaceae, Liliaceae, Scrophu-
lariaceae, and Genetiaceae families. These observations

agreed with the occasional published reports of indi-

vidual cases of sensitization and asthma symptoms in

flower handlers [14–20].

Tetranychus urticae, a mite that may infest a wide range of

plants and can be found in greenhouses growing veg-

etables, tomatoes, or flowers [21–23], has been related to

sensitization and the appearance of work-related symp-

toms [21–25]. Astarita et al. [26] studied 46 symptomatic

growers, some of whom worked inside greenhouses, and

found that three quarters of them were sensitized to this

mite. Various relevant allergens have been described in

Tetranychus urticae, with molecular masses between 14

and 75 kDa [27,28••]. Some of these antigens are shared

with other mites, like the citrus red mite and house-dust

mites, but cross-sensitization between them are found in

less than one third of the subjects, suggesting that Tetra-
nychus urticae contains species-specific allergens in addi-

tion to shared allergens [28••,29].

Occupational asthma
In the European Farmers’ Study a high prevalence of

sensitization to workplace flowers and/or molds was found,

and almost one quarter of the sensitized workers suffered

from occupational asthma. A workplace bronchial chal-

lenge showed significant bronchial reactivity to diagnose

occupational asthma in 3 of 13 (23%) sensitized workers

[9](Fig. 2). In this study, both flower allergens and molds

were the main allergens related to disease, and Tetrany-
chus urticae sensitization had only a minimal impact on

the reported symptomatology. Sensitization to Tetrany-
chus urticae was found only in 2 of 39 growers (5%), one

of them reporting respiratory symptoms, but with a work-

place bronchial challenge test not confirming occupa-

tional asthma (unpublished observations). The impact of

workplace sensitization to flower allergens was also as-

sessed by Goldberg et al.[13], who reported that 15% of

their flower growers abandoned the occupation because

of unbearable symptoms, suggesting that their sensitiza-

tion was clinically significant. Occasional single cases of

occupational asthma due to greenhouse moulds have

been also reported, confirming the impact of greenhouse

sensitization by these allergens on the workers’ daily life

Figure 1. Air contamination by moulds inside greenhouses (n = 39)

Published with permission [9].
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[30], and similar observations have been reported in

greenhouse tomato [22] and flower [21] growers sensi-

tized to Tetranychus urticae allergens.

Toxic pneumonitis and chronic bronchitis
The low level of dust and endotoxin found inside green-

houses do not suggest that these substances are clinically

significant as triggers of the symptoms reported by the

greenhouse growers [8••]. Although exposure to endo-

toxin in grain handlers has been associated with respira-

tory symptoms [31], this effect is related to inhaled dose

and does not appear when the workers are exposed only

to low concentrations [32]. In spite of the low level of

dust and endotoxin, poor ventilation emerged as a mar-

ginally significant risk factor for wheezing in the Euro-

pean Farmers’ Study [9], suggesting that exposure to

unidentified air contaminants may reach irritant concen-

trations in less ventilated greenhouses. Supporting this

hypothesis, in a recent study that included almost 9000

European and North American farmers, flower growing,

the main greenhouse crop, was not only associated with

asthma (adjusted OR 1.71, 95% CI: 1.06–2.77), but also

to toxic pneumonitis (adjusted OR 1.75, 95% CI: 1.29–

2.38) and chronic bronchitis (adjusted OR 1.67, 95% CI:

1.22–2.27). In this study, working inside greenhouses

emerged to a significant risk factor for chronic bronchitis

in nonsmokers (adjusted OR 1.59, 95% CI: 1.02–2.48),

who reported a 15% prevalence of this respiratory symp-

tom if working inside, much higher than the 9% preva-

lence reported in nonsmoking outdoor farmers [33••].

These observations suggest that daily work inside green-

houses may cause chronic bronchitis through the inhala-

tion of undetermined irritants.

Conclusion
In summary, the cultivation of greenhouse crops may

cause occupational asthma through sensitization to work-

place pollen, moulds, and Tetranychus urticae allergens. In

greenhouse flower growers skin testing identifies sensi-

tization to these allergens in one third of the growers, and

in one quarter of the sensitized workers asthma symp-

toms develop with an identifiable pattern of occupational

asthma. Furthermore, work inside greenhouses is also

related to an increase in the prevalence of chronic bron-

chitis in nonsmokers, suggesting a wider causal effect of

this occupational exposure on respiratory disease.
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