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ABSTRACT
Objective The aim of the study was to determine the
prevalence and risk factors for allergic respiratory disease
in spice mill workers.
Methods A cross-sectional study of 150 workers used
European Community Respiratory Health Survey
questionnaires, Phadiatop, serum specific IgE (garlic,
chili pepper), spirometry and fractional exhaled nitric
oxide (FeNO). Personal air samples (n=62) collected
from eight-hour shifts were analysed for inhalable
particulate mass. Novel immunological assays quantified
airborne garlic and chili pepper allergen concentrations.
Results Mean dust particulate mass (geometric mean
(GM)=2.06 mg/m3), chili pepper (GM=0.44 mg/m3) and
garlic allergen (GM=0.24 mg/m3) were highest in
blending and were highly correlated. Workers’ mean age
was 33 years, 71% were men, 46% current smokers
and 45% atopic. Spice-dust-related asthma-like
symptoms (17%) were common, as was garlic
sensitisation (19%), with 13% being monosensitised
and 6% cosensitised to chili pepper. Airflow reversibility
and FeNO>50 ppb was present in 4% and 8% of
workers respectively. Spice-dust-related ocular-nasal (OR
2.40, CI 1.09 to 5.27) and asthma-like (OR 4.15, CI
1.09 to 15.72) symptoms were strongly associated with
airborne garlic in the highly exposed (>0.235 mg/m3)
workers. Workers monosensitised to garlic were more
likely to be exposed to higher airborne chili pepper
(>0.92 mg/m3) (OR 11.52, CI 1.17 to 113.11) than
garlic allergens (OR 5.08, CI 1.17 to 22.08) in this mill.
Probable asthma was also more strongly associated with
chili pepper than with garlic sensitisation.
Conclusions Exposure to inhalable spice dust (GM
>2.06 mg/m3) containing garlic (GM>0.24 mg/m³) and
chili pepper (GM >0.44 mg/m3) allergens increase the
risk of allergic respiratory disease and asthma.

BACKGROUND
Spices are derived from taxonomically different
species of plants that harbour allergenic potency
and can induce mild local to severe systemic reac-
tions.1 Inhalation is the main route of exposure
among workers in the spice trade (farms, factories,
groceries).2 Workers in the spice-related industry
are exposed to a variety of different respiratory
sensitisers, and aerosolisation of spice dust has
been implicated in inhalant-related allergic mani-
festations of rhinoconjunctivitis and asthma.
Occupational asthma has been reported linked to

a range of spices, including cinnamon, paprika,
mace, coriander, aniseed, garlic and onion.3–6

Irritant reactions in addition to these predominantly
allergic responses in workers handling spices have
also been reported.7 Spices cross-reacting with other
spices, certain pollens and/or foods can also result in
allergic respiratory disease.2 In a previous case
series, we identified a 50 kDa cross-reactive allergen
from garlic and onion, as well as other allergens of
approximately 40 kDa and 52 kDa from chili
pepper causing work-related allergy and asthma in
spice mill workers.8 Furthermore, IgE reactivity to
multiple spice allergens, birch and mugwort pollens,
as well as a variety of plant profilins, was also
demonstrated in the presence of sensitisation to chili
pepper in the affected workers who were investi-
gated. Garlic and chili pepper allergens were identi-
fied as the main sensitisers in the case series of
work-related asthma reported. Epidemiological
studies exploring the correlation between workplace
exposure inhalant factors (particulates, allergens)
and respiratory disease among spice dust-exposed
workers are few, suggesting the need for more
detailed investigation of this group of workers.9

The aim of this study was to determine the preva-
lence and the risk factors (host and environmental)
associated with occupational allergic respiratory
disease in spice mill workers using novel exposure
assessment approaches for airborne spice allergens
(garlic, chili pepper) responsible for the sentinel
cases of occupational asthma observed in this mill.

What this paper adds

▸ Inhalable particulate dust levels as low as
2 mg/m3 are not protective, since airborne
concentrations of garlic (>0.24 mg/m³) and chili
pepper (>0.44 mg/m3) allergens are associated
with an increased risk of probable asthma and
obstructive lung disease.

▸ Inhalant chili pepper exposure appears to
amplify the allergic respiratory response.

▸ This paper identifies the need for specific
occupational airborne exposure limits (OEL) for
spice allergens to protect workers in high-risk
exposure settings in the food processing
industry.
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MATERIALS AND METHODS
Study design and population
A cross-sectional epidemiological study of 150 currently employed
spice mill workers was conducted. Ethical approval for the study
was obtained from the University of Cape Town (Cape Town,
South Africa).

Environmental assessment
Work processes in this mill predominantly involve weighing,
blending and packing of various spices. Dry raw materials, such
as paprika and chili peppers (Capsicum annuum) are separately
ground by a milling process. Dried garlic flakes, powder or gran-
ules, which are independently manufactured, are essential ingre-
dients of most spice recipe products.

Environmental sampling
Environmental exposure assessment entailed the collection of
62 full-shift (8 h) airborne personal samples on randomly
selected individuals employed in various departments of the
spice mill using the National Institute for Occupational Safety
and Health (NIOSH) occupational exposure sampling strategy
manual (top 10% of highly exposed workers in each department
with a confidence level of 0.90). A PAS6 sampling head, con-
nected to a Gillian GilAir pump with constant-flow calibrated at
2 L/min, was used to collect samples as an inhalable dust sam-
pling method. Glass fibre filters (Whatman GF/A; pore size
1.0 mm, 25 mm diameter) were used as the filter medium. Field
blanks were used for each sampling day. Filters were weighed
before and after sampling using a microbalance and acclimatised
prior to weighing for 24 h with controlled humidity and tem-
perature to ensure standard weighing conditions. The samples
were analysed for inhalable particulate mass and occupational
airborne allergen exposure (garlic, chili pepper) using novel
immunological ELISA inhibition techniques (using-antigen spe-
cific IgE antibodies from sensitised subjects) as described below.
None of the samples collected had values below the limit of
detection for total inhalable dust particulate.

Immunological analysis
Extracts were prepared from raw garlic and chili pepper
obtained from the spice mill. Homogenised garlic and chili
pepper were extracted in phosphate buffered saline overnight at
4°C. The spice extracts were then centrifuged to remove large
particulate matter. Concentrations of proteins in the spice
extracts (garlic and chili pepper) were quantified using the
Bio-Rad DC protein assay kit (Bio-Rad, Hercules, USA), and
used for the ImmunoCAPs and the standard curve (100; 10; 1;
01; 0.01; 0.001) (1 ml/ml). The garlic and chili pepper extracts
(1 mg/ml) were individually labelled with Biotin-7-National
Health Service (NHS) and coupled to Streptavidin ImmunoCaps
as described by Perborn (2004).10 One hundred (100) ml of the
spice (garlic or chili pepper) standard dilutions and filter
extracts (unknown concentrations) were added in microtubes.
Buffer was used as a negative control and a concentrated spice
extract for the positive control. Pooled allergen-specific positive
sera from index cases (100 ml) were added to all tubes and incu-
bated using a shaker for 1 h at room temperature. The criteria
for pooled sera included individuals who were sensitised to the
respective airborne spice allergen tested (either garlic or chili
pepper) which was determined by a positive ImmunoCAP
(Phadia, Uppsala, Sweden). The inhibition tests on the pooled
serum were conducted using the spice extracts (garlic and chili
pepper) obtained from raw material from the spice mill, to

ensure that cross-reactivity between the allergens quantified and
the one potentially present could not influence the results.
Samples were centrifuged and the supernatant was used. The
specific IgE was measured using the biotin-labelled allergen
extract coupled to the streptavidin CAP using the ImmunoCap
100 System (ImmunoCap 100 System; Phadia, Uppsala,
Sweden) (Pharmacia Diagnostics document 300512/1.0). The
concentration of airborne allergen was calculated from all
samples:

%Inhibition at conc x ¼ ðResponse ðblankÞ � Response ðXÞ
(ResponseðblankÞ � ResponseðconcentratedÞ)

� 100

The % inhibitions of known allergen concentrations were
plotted against the concentration of the diluted standards. A log
transformation (logconc) was performed, and these were plotted
against the % inhibition. A linear equation was derived (a log
transformation (logconc); logconc=β0+ (β1×% inhibited) and
the concentrations of the unknown filter samples extrapolated
from the model by substituting the value of the % inhibition in
the model.

Health assessment
Questionnaire
Each worker completed an interviewer-administered European
Community Respiratory Health Survey questionnaire designed
for the investigation of asthma,11 and adapted for the spice
work environment. Additional questions relating to current and
previous employment and degree of exposure to spice dust were
included. Smoking status was classified into the following three
categories: never-smoker (lifelong abstinence), ex-smoker
(defined as having quit completely >1 month prior to survey)
and current smoker. Work-related upper respiratory symptoms
due to spice inhalation were defined as work-related ocular-
nasal symptoms (sneezy/itchy/runny nose or red/itchy/watery
eyes) specifically associated with spice dust exposure in the
workplace. Work-related lower respiratory symptoms due to
spice inhalation were defined as symptoms of work-related chest
tightness or wheeze specifically associated with spice dust inhal-
ation during work.

Immunological tests
Serum analyses for common inhalants (Phadiatop test) as well as
specific IgE for garlic (f47) (Allium sativum) and chili pepper
(f279) (Capsicum frutescens) were carried out using the
UniCAP assay procedure (ImmunoCap 100 System; Phadia,
Uppsala, Sweden) according to the manufacturer’s instructions.
An ImmunoCAP value of ≥0.35 kUA per litre was considered
positive.

Spirometry
Lung function was measured by spirometry according to ATS/
ERS guidelines.12 A flow-volume Koko Spirometer was used.
Reference values of the European Community for Coal and
Steel were used for spirometry interpretation, with lower limits
corresponding to the 95th percentile.13 The spirometry was
done before and after inhalation of a short-acting ß²-agonist sal-
butamol (400 mg) using a metered dose inhaler. Significant
airway reversibility suggestive of asthma was defined as an abso-
lute increase in FEV1≥12% and ≥200 ml postbronchodilator.
Probable obstructive lung disease was defined as FEV1/Forced
vital capacity (FVC) ratio postbronchodilator <5th percentile.14
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Fractional exhaled nitric oxide
Fractional exhaled nitric oxide (FeNO) was determined prior to
spirometry using ATS/ERS criteria.15 A hand-held portable
nitric oxide sampling device (NIOX MINO Airway
Inflammation Monitor, Aerocrine AB, Solna, Sweden) was used.
FeNO measurements were taken for each participant (mean of
three efforts) on a Monday during the eight-hour work shift
after having confirmed that there was no prior spice dust expos-
ure 48 h before testing. Information on recent chest infections,
smoking, alcohol consumption, green vegetable consumption,
medication usage, recent exercise and previous spirometry
was collected. Tested individuals were required not to smoke
tobacco, eat or drink at least 1 h, nor have an upper airway
infection within 4 weeks, prior to the test.16 FeNO>50 ppb was
considered to indicate eosinophilic airway inflammation suggest-
ive of probable underlying asthma.17

Statistical analysis
Statistical analyses were performed using STATAV.8 computer
software (StataCorp, College Station, Texas, USA). Key asso-
ciations of interest involved investigating relationships
between risk factor variables (exposure status, host factor attri-
butes) and health outcomes (respiratory symptoms, immuno-
logical status, pulmonary function, FeNO). These associations
were explored using bivariate analysis initially, and only those
associations commensurable with a priori hypothesis were
pursued further with multivariate analyses. Skewed variables,
such as exposure metrics and IgE levels, were log transformed
(natural log, ln) before model development. Saturated multi-
variate logistic regression models were developed to examine
the relationship between the exposure metrics and clinical
endpoints of interest. Exposure metrics used in the models
were based on the current exposure categories divided into
tertiles based on the exposure assessment measurements for
inhalable particulate mass (mg/m³), garlic and chili pepper
allergen concentrations (mg/m³). Models were adjusted for
age, atopy, smoking status and a history of allergic reactions to
spices/spicy foods upon ingestion. Construction of other more
refined multivariate models that used composite outcome vari-
ables, which included symptoms in addition to pulmonary
function and FeNO indices, were not possible due to lack of
power issues.

RESULTS
All current permanent (n=139) and casual (n=11) workers in
the spice mill were investigated having a mean duration of
employment of 6.9 years in the factory and 3.2 years in the
current job.

Exposure assessment
The mean dust particulate levels were 2.06 mg/m³, with peak
levels 48 mg/m³ (table 1). Mean airborne chili pepper allergen
(geometric mean (GM) 0.44 mg/m³, 0.01–73.99) were twice
as high as the garlic allergen (GM 0.24 mg/m³, 0.02–43.29).
Airborne garlic and chili pepper allergen were up to 10 times
higher in the blending/sifting area than other areas. Dust par-
ticulate correlated strongly with airborne garlic and chili pepper
allergens (r=0.70). Airborne chili pepper and garlic allergen
levels were also strongly correlated (r=0.74).

Health outcome assessment
The mean age of this predominantly male (71%) workforce was
33 years, 46% were current smokers, 45% were atopic as deter-
mined by Phadiatop, and 35% reported allergic symptoms due to
common inhalants (table 2). Work-related ocular-nasal symptoms
due to spice dust were more common (43%) than asthma-like
(17%) symptoms. Five per cent of workers with asthma symptoms
reported chest symptoms related to ingestion of spicy foods.

Sensitisation patterns revealed that among the 150 workers,
19% were sensitised to garlic (G++C+), among whom 13%
were monosensitised to garlic (G++), the other 6% were cosen-
sitised to chili pepper (C++G+). All the individuals in the
latter group were atopic. Sensitisation patterns also showed
that garlic and chili pepper were highly correlated (r=0.91)
(figure 1). Between 4% and 8% had evidence supportive of
probable asthma based on significant airflow reversibility, or the
presence of high FeNO (>50 ppb), respectively (table 2). There
were 6% of workers who had evidence of probable obstructive
lung disease (FEV1/FVC ratio postbronchodilator <5th percent-
ile). Host factors were strongly associated with respiratory
outcomes (table 3). Atopy was positively correlated with high
FeNO. As expected, smoking was negatively associated
with high FeNO. Ingestion-related spice allergy was positively
associated with work-related asthma-like symptoms (OR 15.37,
CI 2.79 to 84.71) due to spice dust and airway obstruction
(OR 10.92, CI 1.66 to 71.85).

Table 1 Personal inhalable dust particulate, garlic and chili pepper allergen exposure levels in spice mill workers

Particulate mass concentration
(mg/m³)

Garlic allergen concentration
(mg/m³)

Chili pepper allergen concentration
(mg/m³)

Department n AM GM GSD Range AM GM GSD Range AM GM GSD Range

Blending/sifting 10 11.81 5.78 4.47 0.23–47.64 10.68 3.71 7.91 0.05–43.29 21.33 6.53 10.77 0.13–43.81
Weighing 4 4.87 4.32 1.72 2.49–9.19 2.13 0.76 6.47 0.13–6.01 9.89 7.18 2.80 1.85–18.53
Packing 17 4.53 3.48 2.05 1.37–15.24 3.79 0.32 7.99 0.04–40.02 6.15 0.65 8.79 0.01–73.99
Milling 5 3.91 3.87 1.18 3.22–4.59 0.28 0.19 2.86 0.04–0.65 2.12 0.88 5.06 0.14–6.39
Maintenance (production) 4 1.33 1.03 2.49 0.31–2.36 0.63 0.18 6.41 0.03–2.20 0.09 0.08 2.15 0.03–0.17
Stores 6 1.20 1.06 1.75 0.49–2.22 0.05 0.04 1.50 0.03–0.07 0.19 0.11 3.09 0.02–0.65
Receiving/despatch 7 0.84 0.74 1.70 0.33–1.57 0.05 0.05 1.60 0.03–0.09 0.04 0.03 2.09 0.02–0.13
Food laboratory 6 0.57 0.60 1.91 LOD-1.16 0.09 0.07 2.10 0.03–0.22 0.22 0.11 3.26 0.04–0.84
Administration 3 0.54 0.37 2.82 0.17–1.19 0.03 0.03 1.48 0.02–0.05 0.05 0.04 2.40 0.02–0.10
Overall 62 4.15 2.06 3.33 LOD-47.64 2.97 0.24 8.42 0.02–43.29 5.99 0.44 11.63 0.01–73.99

AM, arithmetic mean; GM, geometric mean; GSD, geometric SD; LOD, limit of detection; n, number of workers.
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In multivariate models, work-related ocular-nasal (OR 2.40,
CI 1.09 to 5.27) and asthma-like (OR 4.15, CI 1.09 to 15.72)
symptoms due to spice dust were strongly associated with air-
borne garlic allergen levels when comparing upper versus lower
tertiles exposure groups (>0.235 vs <0.066 mg/m³) (table 4).
Garlic monosensitisation (G++) was more strongly associated
with airborne chili pepper when comparing upper versus lower
tertiles (>0.92 vs <0.09 mg/m³) (OR 11.52, CI 1.17 to 113.11)
than garlic (OR 5.08, CI 1.17 to 22.08) allergen levels. Garlic
monosensitisation (G++) was also strongly associated with

airborne particulate mass when comparing upper versus lower
tertiles (>3.78 vs <1.18 mg/m³) (OR 11.89, CI 1.25 to
113.19). Due to the small numbers of subjects in the medium
categories, no significant associations were demonstrable when
comparing medium versus lower tertiles exposure groups,
although the ORs were in the similar direction of effect.

The prevalence of work-related ocular-nasal symptoms was
higher among workers sensitised to garlic (G++C+) (9%) than
those cosensitised to chili pepper (C++G+) (2%). Garlic
monosensitisation (G++) demonstrated a strong association
with spice dust-related asthma-like symptoms, even after adjust-
ing for host factors (age, atopy, smoking status and spices/spicy
foods reaction) (OR 3.16, CI 0.99 to 10.06). A similar trend
was noted among workers sensitised to garlic and chili pepper
(G++C+) after adjusting for confounders (OR 3.86, CI 1.29 to
11.47) (data not shown). Individuals sensitised to garlic and
chili pepper (G++C+), showed a stronger association with ele-
vated FeNO >50 ppb (OR 5, CI 1.48 to 16.88) than those indi-
viduals with garlic monosensitisation (G++). This strong
association was further observed for either elevated FeNO
>50 ppb or airway reversibility indices in relation to chili
pepper sensitisation. A similar pattern was observed for prob-
able obstructive lung disease (FEV1/FVC ratio postbronchodila-
tor <5th percentile) (OR 4.87, CI 1.13 to 20.90) in individuals
sensitised to garlic and chili pepper (G++C+), which was inde-
pendent of smoking. These associations were even more pro-
nounced in atopic workers. After adjusting for host factors, the
strong association observed with elevated FeNO >50 ppb, or
probable obstructive lung disease, remained in those cosensitised
to chili pepper (C++G+).

DISCUSSION
This is the first detailed epidemiological study of spice mill
workers documenting specific exposure to garlic and chili
pepper allergens which demonstrates strong dose-response asso-
ciations with allergic respiratory disease and probable obstruct-
ive lung disease.

Sensitisation patterns in our study revealed that a larger pro-
portion of workers were monosensitised to garlic (13%) than
those having cosensitisation to chili pepper (6%), since garlic was
an essential ingredient in most spice recipes. IgE reactivity to
multiple spice allergens associated with acute respiratory
symptoms and lung function changes have been previously
demonstrated in a group of Croatian spice mill workers.7 The

Table 2 Demographic and employment characteristics, respiratory
symptom experience and pulmonary function indices in spice mill
workers

Characteristics (%)

Demographic and employment characteristics (n=150)
Age (years) 33.4±7.7
Sex (% male:female) 71 : 29

Smoking status
Current smokers 69 (46)
Ex-smokers 15 (10)
Non-smokers 66 (44)

Employment status
Employment duration in current spice mill (years) 6.93±5.6
Employment duration in current job (years) 3.23±3.4
Permanent (vs casual job status) 139 (93)

Past history of allergy (self-reported)
Hay fever 36 (24)
Asthma 14 (9)
Allergic symptoms related to common inhalants 52 (35)

Respiratory symptom experience (n=150)
Upper respiratory symptoms
Work-related ocular-nasal symptoms caused by inhaling
spice dust

64 (43)

Lower respiratory symptoms
Asthma history
Doctor diagnosed asthma 13 (9)
<17 years 8 (5)
>17 years 6 (4)
Wheezing or whistling in chest in the past year 17 (11)
Woken up with a tight chest in the past year 15 (10)

Work-related asthma-like symptom experience
Work-related asthma symptoms (tight chest or wheeze) 26 (17)
Work-related asthma symptoms caused by inhaling
spice dust

25 (17)

Ever inhaled an excessive amount of dust/vapours/mist 25 (17)
Job change due to work-related chest symptoms 10 (7)

Pulmonary function indices (n=143)
FEV1 (litres) 3.5±0.73
FVC (litres) 4.32±0.89
PEFR (l/s) 8.06±1.70
FEV1% predicted 95.31±13.73
FVC % predicted 100.55±13.78
PEFR % predicted 94.06±14.80
FEV1/FVC 0.80±0.06
FEV1<80% predicted 19 (13)
FEV1 reversibility (≥12% and ≥200 ml postbronchodilator) 6 (4)

FeNO >50 ppb 12 (8)
FEV1/FVC ratio postbronchodilator (<5th percentile) 8 (6)

Continuous variables, mean±SD; categorical variables, number (%).
Reference values used European Community for Coal and Steel, 1993.
FeNO, fractional exhaled nitric oxide; PEFR, Peak expiratory flow rate.

Figure 1 Correlation between chili pepper IgE (ln chili allergen kUA
per litre) and garlic IgE (ln garlic allergen kUA per litre) in spice mill
workers (n=150). (ln, natural log).
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prevalence of sensitisation to chili pepper in Croatian workplaces
(13.3%) was higher than that found in the current study (6%).
However, while the current study demonstrated the presence of
sensitisation using chili pepper-specific IgE, generally regarded as
a more specific test, the Croatian study used skin-prick tests that
are more sensitive, but less specific for detecting sensitisation to
food allergens. In this current study, workers with cosensitisation
to chili pepper were more likely to have elevated FeNO >50 ppb
suggestive of probable asthma compared with the garlic sensitised
group, despite the higher prevalence of sensitisation in the latter

group. This may be related to the relatively higher chili pepper
exposures (GM=0.44 mg/m³) compared with garlic
(GM=0.24 mg/m³), which may have contributed to the add-
itional non-allergic inflammatory responses.18

In this study, a sensitive novel assay was developed for quanti-
fying garlic and chili pepper allergens using antibodies of sensi-
tised workers from this mill which enabled a more detailed
characterisation of exposures beyond dust particulate. Airborne
garlic and chili pepper allergen levels were particularly high in
the blending area where bulk spices were manually added into

Table 4 Multivariate logistic regression model of environmental factor associated with respiratory and sensitisation outcome measures

Outcome
Particulate mass concentration (mg/m³)
OR (95% CI)

Chili pepper allergen concentration (mg/m³)
OR (95% CI)

Garlic allergen concentration (mg/m³)
OR (95% CI)

WRURS due to spice
Med vs low 0.27 (0.07 to 0.99) 0.82 (0.25 to 2.65) 2.28 (0.56 to 9.27)
High vs low 1.29 (0.56 to 2.95) 1.85 (0.73 to 4.67) 2.40 (1.09 to 5.27)

WRLRS due to spice
Med vs low 0.44 (0.03 to 5.54) 0.31 (0.02 to 3.87) *
High vs low 3.83 (0.85 to 17.07) 3.18 (0.69 to 14.64) 4.15 (1.09 to 15.72)

Garlic sensitised (G++C+)
Med vs low 1.24 (0.25 to 6.2) 0.86 (0.17 to 4.31) *
High vs low 2.21 (0.64 to 7.55) 1.88 (0.53 to 6.61) 1.64 (0.59 to 4.59)

Garlic monosensitisation (G++)
Med vs low 4.03 (0.28 to 56.74) 3.53 (0.24 to 50.90) *
High vs low 11.89 (1.25 to 113.19) 11.52 (1.17 to 113.11) 5.08 (1.17 to 22.08)

Chili pepper cosensitisation (C++G+)
Med vs low 0.62 (0.09 to 4.18) 0.29 (0.04 to 2.11) *
High vs low 0.34 (0.06 to 2.0) 0.23 (0.04 to 1.38) 0.31 (0.06 to 1.54)

FeNO >50 ppb
Med vs low 0.19 (0.01 to 2.28) 0.24 (0.03 to 1.91) 0.90 (0.07 to 11.36)

High vs low 0.91 (0.20 to 4.09) 0.72 (0.14 to 3.78) 1.42 (0.32 to 6.32)
FEV1 increase ≥12% and ≥200 ml postbronchodilator
Med vs low * * *
High vs low * * 2.66 (0.28 to 24.83)

FEV1/FVC ratio postbronchodilator (<5th percentile)
Med vs low 6.98 (0.80 to 60.83) 5.09 (0.55 to 46.37) *
High vs low 0.50 (0.06 to 4.25) 0.47 (0.05 to 4.17) 0.19 (0.03 to 1.08)

WRLRS+garlic Sensitisation
Med vs low 0.39 (0.03 to 5.34) 0.29 (0.02 to 4.03) *
High vs low 0.94 (0.18 to 4.74) 0.82 (0.15 to 4.23) 1.08 (0.24 to 4.77)

*OR not calculable; OR: OR derived using low exposure category as reference and was adjusted for age, atopy, smoking status and spices/spicy foods reaction.
Particulate mass concentration (mg/m³) tertiles: high >3.78; medium >1.18 <3.78; low <1.18.
Chili pepper allergen concentration (mg/m³) tertiles: high >0.92; medium >0.09<0.92; low <0.09.
Garlic allergen concentration (mg/m³) tertiles: high >0.235; medium >0.066<0.235; low <0.066.
FeNO, fractional exhaled nitric oxide; WRLRS, work-related lower respiratory symptoms; WRURS, work-related upper respiratory symptoms.

Table 3 Host factors associated with work-related symptoms, lung function and FeNO levels among spice mill workers

Outcome

Age Gender male Atopy Smoking
Spices/spicy foods
reactions

OR (95% CI)

WRURS reported due to spice 0.98 (0.94 to 1.02) 0.66 (0.32 to 1.33) 0.94 (0.49 to 1.80) 2.31 (1.19 to 4.48) 1.8 (0.40 to 8.5)

WRLRS reported due to spice 1.00 (0.94 to 1.05) 0.56 (0.23 to 1.37) 1.73 (0.73 to 4.11) 2.41 (0.99 to 5.88) 15.37 (2.79 to 84.71)
FeNO >50 ppb 1.02 (0.94 to 1.09) 1.27 (0.33 to 4.92) 16.11 (2.02 to 128.30) 0.09 (0.01 to 0.74) 5.32 (0.91 to 30.96)
FEV1 increase ≥12% and ≥200 ml postbronchodilator 0.96 (0.85 to 1.08) * 0.57 (0.10 to 3.22) 1.11 (0.22 to 5.68) *
FEV1/FVC ratio postbronchodilator (<5th percentile) 1.09 (1.00 to 1.18) 1.09 (0.21 to 5.65) 2.02 (0.46 to 8.80) 0.65 (0.15 to 2.81) 10.92 (1.66 to 71.85)

*OR not calculable; OR: each OR is a separate unadjusted regression model.
FeNO, fractional exhaled nitric oxide; WRLRS, work-related lower respiratory symptoms; Spice/spicy foods reactions: asthma symptoms associated with ingestion of spices/spicy foods;
WRURS, work-related upper respiratory symptoms.
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mechanical blenders and correlated strongly with particulate
dust (r=0.70). The highly correlated airborne allergen (r=0.74)
and allergic sensitisation (r=0.91) patterns in workers suggest
that most workers were either simultaneously exposed to both
allergens during their work and that there exists potential cross-
reactivity between these allergens.

This study has demonstrated that spice mill workers are at an
increased risk of becoming sensitised to airborne allergens
(garlic, chili pepper). While no specific international occupa-
tional exposure limits exist for these allergens, the 3 mg/m³
(total inhalable particulates) proposed by the Control of
Substances Hazardous to Health regulations of the Health and
Safety Executive in the UK for irritant spice dusts, such as
garlic, ground chillies and mustard, is unlikely to protect against
IgE sensitisation in spice mill workers.19 20 The current study
clearly demonstrated that inhalable particulate dust levels of
even 2 mg/m3 (the mean overall exposures observed) are not
protective, since adverse respiratory health outcomes were
observed even at such low levels.

The findings of this study suggest that both probable asthma
and obstructive lung disease were present among this group
of spice mill workers. Host-related factors, such as atopy,
smoking and possible ingestion-related spice food allergy were
strongly associated with the respiratory outcome measures in
this study. Atopy was positively associated with sensitisation to
occupational allergens (garlic, chili pepper) and with elevated
FeNO (>50 ppb) levels. This is consistent with other studies
reporting the risk for high molecular weight (protein) allergen-
specific sensitisation and asthma is increased in atopics.21 In our
study, smokers were also more likely to present with spice
dust-related upper (OR 2.31, CI 1.19 to 4.48) and lower (OR
2.41, CI 0.99 to 5.88) respiratory symptoms which were inde-
pendent of sensitisation. This association between smoking and
respiratory symptoms has been observed in other spice
workers.22 Interestingly, cumulative smoking exposures have
also been associated with a higher cough threshold to capsaicin
among workers chronically exposed to hot chili peppers.23

Evidence of a positive exposure-response relationship was
observed for particulate mass and allergen exposures in this
group. Workers exposed to relatively higher airborne garlic
allergen levels (>0.235 mg/m³) were also more likely to have
work-related ocular-nasal as well as asthma-like symptoms due
to spice dust inhalation. Interestingly, workers were more likely
to be monosensitised to garlic in the group exposed to relatively
higher levels of airborne chili pepper (>0.92 vs <0.09 mg/m³)
than garlic (>0.235 vs <0.066 mg/m³). Furthermore, even
though a higher prevalence of allergic respiratory disease was
observed in the garlic (G++C+) sensitised group, chili pepper
sensitisation appears to modify the IgE response to garlic in a
synergistic manner causing a stronger association between ele-
vated FeNO >50 ppb and chili pepper sensitisation which per-
sisted even after adjusting for atopy and other host factors. A
similar pattern was observed for probable obstructive lung
disease in relation to chili pepper sensitisation which was inde-
pendent of smoking status.

Studies of lower respiratory symptoms and lung function
associated with organic dust exposures in the food processing
industry, including spice handling, have consistently demon-
strated a higher prevalence of both acute and chronic respiratory
symptoms.24 In this current study, 17% of workers reported
asthma-like symptoms associated with the inhalation of an
excessive amount of spice dust in the past year. However, only
up to 8% were found to have elevated FeNO >50 ppb suggest-
ive of probable occupational allergic asthma in the presence of

allergic sensitisation. It is likely that the remaining proportion
had asthma-like symptoms due to irritant exposures in the mill
resulting in increased bronchial hyper-responsiveness.
Work-related respiratory symptoms of an irritant nature have
been previously reported in epidemiological studies of chili grin-
ders.25 26 Lundberg et al27 found that neuropeptide substance P
(SP) and capsaicin (an active ingredient in chili and paprika)
induced a dose-dependent contraction of human segmental
bronchi in vitro. In animal studies, different spices (chili pepper,
paprika, caraway, coriander leaves, coriander seeds, cinnamon,
ginger, onion, curry and parsley) have demonstrated a
dose-related contractile response of isolated guinea pig tracheal
smooth muscle.7 This finding suggests that exposure to spice
dust in these factories can result in a highly efficient direct
bronchoconstrictor challenge of the respiratory tract, aside from
other allergic inflammatory mechanisms.

Aside from chili pepper sensitisation being a major determin-
ant of probable obstructive lung disease and chronic airway
inflammation, involvement of non-IgE-mediated mechanisms,
such as receptor-mediated activation of nerves and cells in the
airways should also be considered. Chili pepper contains several
potential allergens, such as profilin,28 osmotin and high concen-
tration of capsaicin.29 The latter protein is a potent and well-
characterised stimulator of a calcium activating receptor,
Transient Receptor Potential Vanilloid-1 (TRPV1).30 TRPV1 is
specifically located in sensory nerve cells, responsible for the
typical cough response to inhaled chili dust, as well as broncho-
constriction and mucus hypersecretion.31 In addition, TRPV1
has been increasingly implicated in ‘neurogenic inflammation’
through indirect activation of mast cells, eosinophils and lym-
phocytes, and is markedly elevated in patients with asthma or
airway inflammation.18 In this current group of workers, activa-
tion of these receptors via inhalant exposure to capsaicin in chili
pepper, in the presence of the potent allergens from garlic,
could enhance the airway hyper-reactivity, and also induce the
production of allergen-specific IgE. Since inflammatory media-
tors are elevated in atopic individuals, this could occur at even
lower concentrations of capsaicin for TRPV1 activation.32

Other immunological and biochemical characteristics of
spices could also be involved in promoting allergic sensitisation
in spice mill workers. This includes the increased cellular per-
meability documented for ‘hotter’ spices, such as chili pepper,
which facilitates the transport of molecules less than 70 kDa
through the epithelial barrier.1 33 This may result in a higher
dose of garlic allergen being presented to the immune system
increasing the risk of subsequent allergic sensitisation which
merits further detailed investigation. Data from other studies
also suggest that sensitisation to spices is more complex due to
polysensitisation to various plant profilins, as has been observed
in the pollen-food syndrome.34 35 Furthermore, the highly cor-
related sensitisation patterns to garlic and chili pepper may also
be due to cross-reactive allergens present in chili pepper and
garlic (50–52 kDa).8

In conclusion, this study has demonstrated, using a sensitive
novel allergen detection assay for garlic and chili pepper, that
spice mill workers exposed to inhalable spice dust particulate
(mean >2 mg/m3) containing garlic and chili pepper allergen
levels of 0.24 mg/m³ and 0.44 mg/m³, respectively, have an
increased risk of work-related lower respiratory symptoms, aller-
gic sensitisation, probable asthma and obstructive lung disease.
It is likely that both immunological (IgE) responses to chili
pepper in combination with non-IgE-mediated respiratory
mechanisms are responsible for the airway reversibility and
enhanced airway inflammatory response.
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