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Abstract: Spices have been known for their various health activities; however, they also possess
the allergic potential for the respiratory system and the skin as they are fine particulate matter.
Persons involved in spice agriculture and food industries are at greater risk since they are exposed to a
considerable amount of combustible dust, which may be the cause of fire and explosion and adversely
affect the health. These workers may experience allergy, long-term and short-term respiratory issues
including occupational asthma, dermatitis, etc. Some spices induce T cell-based inflammatory reaction
upon contact recognition of the antigen. Antigen Presenting Cells (APC) on binding to the causative
metabolite results in activation of macrophages by allergen cytokine interleukin (IL)-12 and tumor
necrosis factor-beta (TNF). Cross-reactivity for protein allergens is another factor which seems to be
a significant trigger for the stimulation of allergic reactions. Thus, it was imperative to perform a
systematic review along with bioinformatics based representation of some evident allergens has been
done to identify the overall conservation of epitopes. In the present manuscript, we have covered a
multifold approach, i.e., to categorize the spice particles based on a clear understanding about nature,
origin, mechanisms; to assess metabolic reactions of the particles after exposure as well as knowledge
on the conditions of exposure along with associated potential health effects. Another aim of this
study is to provide some suggestions to prevent and to control the exposure up to some extent.
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1. Introduction

Spices are dried and processed variants of barks, roots, seeds, and fruits of the different crops.
Initially, small-scale cultivation sufficed the demand of the population, but with the world-wide acceptability
and demand, large scale plantations and associated processing units have developed. Currently, India is the
largest producer, consumer, and exporter of spices and spice products [1]. The International Organization
for Standardization (ISO) have recognized 109 spices in the world, out of which, more than 55 spice crops
are grown in India, thus contributing to 20%—25% of the world trade in spices [2,3]. The raw spices undergo
pulverization, grinding and sifting procedures to obtain powdered consistency. These procedures lead
to the release of suspended particles along with volatiles, thus creating a niche for distinct chances of
occupational exposure in processing industries. There has been a progressive increase in allergy patients
from 1964 (10%) to 2011 (20%) and is expected to rise to 50% by 2050 [2,3].
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Spices are generally added to enhance the flavor and taste of food. However, they also contain
some irritants and pharmacologically active ingredients that can activate the immune response [4,5].
In general, the tiny particles are considered as dust but due to different nature, origin, source, mechanism
of generation, and uses of spices, we have tried to determine the specific term for the particles released
from spices during processing and seasoning. Usually, the size of dust particles ranges from about 1 to
100 um in diameter, and they settle slowly under the influence of gravity. WHO does not categorize
spice as dust; on the contrary, other organizations like OSHA, ISO 4225-I1SO and IUPAC recognize
airborne spices as dust. As ground spices encompass all properties in compliance with definitions,
it may safely be addressed as a component of anthropogenic aerosol.

Spice particles vary in the range of 75-1000 um depending on their processing methods [6-8].
Based on origin, processing, and particulate size, spices may be categorized into five classes-Total
Suspended Particles, PM;(, PM; 5, black smoke and thoracic particles (Figure 1). This classification
complies with international agreement among the American Conference of Governmental Industrial
Hygienists (ACGIH), the International Organization for Standardization (ISO), and the European
Standards Organization (CEN) and thus correlates the inhalable, thoracic and respirable fractions [9-12].

Suspended
Particulate
Matter

Figure 1. Categorization of Combustible Dust based on origin, processing and uses of spices (TSP—total

suspended particles, PMjp—particulate matter size less than 10 pm, PM, s—particulate matter size less
than 2.5 um, BS—black smoke, TP—thoracic particle).

An essential parameter decisive of seasoning potential of spices is its ‘flowability” property.
This plays a significant role during handling and processing operations as flowable powders tend to
disperse with altered rates depending on the time and limit of exposure to air during processing. As it
is an important determinant, theoretical simulations and experimental studies have been performed
for evaluation of different bulk solids flow properties testers. Various mathematical equations
have been cited to determine the particle size distribution of powder like Rosin-Rammler-Bennett,
Gaudin-Schuhmann, Gaudin-Meloy to name a few [13]. Flowability is directly correlated to the
aerodynamic diameter, thus plays an equally important role in dust exposure in its airborne state [14].
Additionally, dust particles tend to act as a conduit for the transmission of allergenic proteins [15]
and as an adjuvant for immuno-stimulatory responses. Hence the spatial and temporal variability of
these suspensions decides the intensity of allergenic responses. Symptomatic allergic reactions have
been revealed through dermatological, gastrointestinal or neurological symptoms due to occupational
exposure to spice dust [16,17].

Thus, with increasing risks and incidence, it becomes imperative to understand the transmission
and molecular mechanism leading to allergic manifestations due to spices. Furthermore, the review
highlights the impact and assessment of control strategies in curbing the adverse effect of occupational
spice allergens.

2. Exposure Assessment

Spices are a particulate matter that is associated with various respiratory problems and lung
infection [18,19]. The exposure was assessed by the prevalence of incidence rate of all occupations in the
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spice processing and packaging industries. Inhalation and/or dermal contact of suspended particulate
matter from spice fields and spice processing were found to be the nodal cause for the initiation of allergic
symptoms. Additionally, intake of spices as a part of a ‘generally recognized as safe’ [GRAS] additive
has progressively heightened (Andreozzi et al., 2019). With inhalation, the concentration of the allergen
from the site of emission varies to the site of exposure, which may be measured semi-quantitatively
as low, medium, or high levels. Coherent calculation of allergen distribution in the atmosphere
is calculated statistically, allowing the possibility of non-homogeneity in distribution (Figure 2A).
Exposure assessment to aeroallergens has been experimentally monitored by enzyme immunoassays
(EIA) and halogen immunoassay (HIA) in specialized laboratories. Vacuum sampling with dust
cassettes enables concentrated dust sampling for EIA and HIA based analysis [20]. HIA involves
the visualization of carrier particles with the allergens by immunostaining with human IgE [21].
The value is expressed as micrograms of allergen per gram of dust (ug/g) or as an area concentration in
micrograms of allergen per m? (ug/mz). Thus, sampling enables documentation (Figure 2A), giving
precise ranges for a type of allergen and its corresponding concentration required to elicit a response
(Figure 2B).
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Figure 2. (A) Semi-quantitative analysis of occupational exposure to different spices from different

sites. (B) Process flow of symptomatic allergic response from initial sensitization.



Int. |. Environ. Res. Public Health 2019, 16, 1519 40f 13

The usual procedure of inhalation exposure assessment involves correlating the concentration
of the SPM with the incidence and persistence of allergic reactions. Various spirometry results like
FVC, FEV1, FEV1/FVC ratio, FEF25-75, PEFR, FIVC, and PIFR assess the lung function and enables
with allergen exposure [22]. As per the seasoning and spice association [23], the testing matrix for
spices and herbs is complex because of its propensity for cross-reactivity. Fractional exhaled nitric
oxide (FeNO) is a prognostic mechanism for analyzing lung functioning. In a study of 150 samples,
13% were monosensitized, and 6% were co-sensitized to garlic and chili pepper. A marked baseline
preshift FeNO was having the geometric mean, 14.9 ppb. FeNO tends to increase 24 h after exposure
to the allergen and measurement of FeNO is recognized as an accurate, reproducible, and important
non-invasive surrogate marker for airway inflammation. There was almost 12% increase within 24 h
thus demonstrating a strong association with elevated levels of suspended spice dust [24]. Similarly,ina
study conducted in Grenada, occupational exposure and respiratory health problems among nutmeg
production workers were observed in Grenada. Approximately half of the workers were found with
work-related lower respiratory symptoms such as dry cough (49.4%) and shortness of breath (42.9%).
High prevalence of respiratory symptoms among workers in the existing facility was consistent with
measured levels of dust and mold and, was widespread overall work areas [25].

3. Spice Allergens

Spices contain a wide variety of substances with potential allergenicity, causing a variety of
reaction categories as non-immunologic or immunologic responses [26]. The non-immunologic
response includes irritation effects on the skin. Immunologic response after ingestion of spices
induces IgE mediated (rhinoconjunctivitis, asthma, urticarial, angioedema, anaphylaxis, etc.) responses
similar to food allergy [27-29]. Over the years, class I and Class II allergens were discovered from
various sources [30] and in spice, they have been categorized into phytochemicals and proteins.
Inflammatory pathway associated with phytochemicals is induced with the release of NF-KB [31].
Phytoconstituent of chili, capsaicin, was implicated as one of occupational allergen first time in 2012 [32].
The vanilloids present in hot spices (black pepper, paprika, cayenne, and chili) tend to aggravate the
allergic symptoms by compromising the protective barrier function of the mucosa. In the presence
of an allergen, Scoville index of the chillies decides the sensitization potential for the allergens with
molecular weight less than 70 kDa. Its adjuvant potential enables the easier absorption of the allergen
across the mucosal membrane, thus inducing epitope sensitization [5,33]. However, earlier studies
on the physiological effects of capsaicin have been observed to cause a reduction in conductance via
specific airways [34]. Broncho-constriction by capsaicin for an extended period resulted in neurogenic
inflammation and eventually to non-IgE based rhinitis [35].

Cinnamic aldehyde, an aromatic compound present in cinnamon and curcumin, a lipophilic
polyphenol from turmeric induces T cell-based inflammatory reaction upon contact recognition of the
antigen. The causative metabolite, which when processed by antigen presenting cells (APC) in vivo,
results in activation of macrophages by allergen cytokine interleukin (IL)-12 and tumor necrosis
factor-beta (TNF) [36,37]. Eugenol found in cinnamon and clove tends to bind protein covalently
and acts as hapten. At higher concentrations, it has been found to be cytotoxic for fibroblast and
osteoblast [38].

Generally, allergy to spice is prevalent after an initial sensitization with other allergens. Anisolated
case indicated occupational asthma through aniseed dust sensitization [39]. Cross-reactivity tends
to occur due to the presence of common epitopes or similar immunogens, hence aggravating the
clinical sensitivity. A distinct phylogenetic association has been observed as a major factor deciding
the cross-reactive epitopes, especially in the case of protein and carbohydrate determinants (CCD).
The validity of cross-reactivity became evident when a 27-year-old subject was diagnosed with an
allergy to coconut, banana, and kiwi with allergic rhinitis to horse, cat, dog, and cow. Skin prick
test, ELISA and bronchial inhalation challenges confirmed inhalation of dust from paprika, coriander,
and mace induced asthma-like symptoms [40]. Bioinformatic analysis [structure comparison using
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PYMOL visualization tool] of some evident allergens in spice indicated overall conservation of epitopes
(Figure 3) [41]. Carbohydrate moieties present on the proteins may induce cross-reactivity reactions
and thus named as cross-reactive CCD [42,43]. Cross-reactivity between sesame seeds and poppy
seeds was found to be very high as shared epitopes have been recognized [44] as has been an evident
case of cashew and pistachio [42,43]. Additionally, from serum IgE analysis, cross-reactivity has been
also observed in pink peppercorn (Brazilian peppers) and cashew nut which was mediated partly
by 2S albumin seed storage proteins [45]. There are several types of proteinaceous allergens present
in the spices like profilins, Betvl, CCD containing glycoproteins, germins, and pathogenesis-related
proteins [43]. The Betv1 allergen family is structurally well defined and marked epitope conservation
has been identified (Figure 3). The Betv1 analogs belong to PR-10 class of proteins and structurally
resemble lipocalin-2 protein [46—48]. Lipocalins are transport proteins capable of carrying hydrophobic
moieties across the membranes and hydrophobic molecule especially lipids are capable of inducing
the innate immune response.

Figure 3. Structural conservation of the prolifin allergen from strawberry and birch (A):
Pathogenesis-Related 10 (PR-10) Fra a 2 protein from Strawberry (PDB id- 5amw) [48]; Birch pollen
Betvlprotein(PDB id-1Bv1) [47]; Strawberry pathogenesis-related 10 (PR-10) Fra a 1E protein (PDB
id-4C9c) [46] (B) Structural superposition of Fra a 2, Betvl and Fra a 1E proteins; conservation in the
overall structure elements is evident [Three dimensional structural files were retrieved from rcsb.org
and images generated by PYMOL].

4. Molecular Assessment of Spice Allergy: How It All Starts?

A serendipitous identification, whereby spice-based allergy has found to be associated with
occupational and domestic surroundings. According to the American College of Allergy, Asthma,
and Immunology (ACAAI), 2% to 3% of the adult population and 8% in children younger than six
years suffer from severe allergies to spices. Repeated confirmatory analysis has indicated females are
more prone to allergic rhinitis than males (66.2% vs. 33.3%) [49]. Occupational skin diseases have been
reported between 10% and 15% of all occupational diseases with significant economic impact [50].
Data from a voluntary Surveillance of Work-related and Occupational Respiratory Disease in South
Africa (SORDSA) programme described 44 cases of occupational asthma (14.4%) reported in food
handlers (October 1996 to June 2002). In a multi-centric study in India, 1097 out of 1860 patients were
found to be allergic, with bronchial asthma prevalent in a range of 0.4%—4.8% [51].
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4.1. Physiology of Spice Sensitization

Approximately 30% of the total airborne particulates are small enough to reach the distal
airways [52]. Resuspension of settled dust is another dynamic process, and fluorescent biological
aerosol particles (FBAPs) based studies have indicated an exposure level of dust ranging from 0.5 to
2 cm ™3 (mass range: 50 to 600 pg/m?’) [53]. The probability of small airborne particles (<500 nm) inhaled
through nasal or oral passage depends on particle aerodynamic properties along with breathing mode
and inhalation flow rate. Once inhaled, the deposited particles can be absorbed in blood by passive
diffusion [54]. PM; 5 constitutes the inhalable particulate fraction and are especially dangerous as they
penetrate through the body’s natural filters [55]. Earlier studies also reported that fraction of inhaled
airborne particles could penetrate beyond the terminal bronchioles into the gas-exchange region of the
lungs [56]. Woody spices upon grinding are cross-contaminated with free crystalline silica; cobalt and
other metal dust and thus may initiate a mild case of systemic poisoning, although tachyphylaxis may
not persist. Ultrafine (<100 nm) and large (>5000 nm) particles are dispersed and accumulate in the
extrathoracic area and upper tracheobronchial regions. Bigger particles due to higher penetration depth
tend to accumulate in the lung alveoli. Inhaled particles with aerodynamic diameter >30,000 nm are
deposited in the nose via filtration through nasal hair and impaction during breathing. Depending on
the dissolution parameter the class I and class II allergens may diffuse to the bodily fluids to elicit an
antibody-mediated response. Inhalation of class II allergens increases the sensitization and activation
of allergen-specific IgE releasing mast cells and macrophages. Pro-inflammatory mediators released by
macrophages, in turn, increase the contraction of the airway smooth muscles along with the release of
mucous. Hotter spices like chili and paprika are more likely to act as adjuvants for sensitization by
promoting transport of molecules below a molecular mass of 70 kDa [57].

Some of the potential manifestations caused due to exposure to spice dust are rashes, and coughing
has been observed after immediate exposure to airborne oregano, thyme, coriander, caraway seed,
and cumin. A distinct cross-reactivity has been observed with food allergens and aeroallergens [58-60].
Cross-reactivity for protein allergens seems to be a major trigger for the stimulation of allergic reactions.
Allergic sensitization to the Apiaceae family is commonly reported and known as ‘celery-mugwort
spices’ syndrome [61]. In addition, sesquiterpene lactones, a secondary metabolite from the Asteraceae
family cause an allergic response and presumably responsible for severe cross-sensitivity between tansy
and chrysanthemum [26,62,63]. Celery-mugwort-spice syndrome along with mugwort-mustard-allergy
syndrome has been found to be associated with weed pollinosis, which in turn has a wide spectrum of
overlap [26,64].

The proteases digest most protein allergens; hence, IgE sensitization is only possible as an
aeroallergen (through inhalation) of cross-reacting pollens, particularly mugwort and birch. Both linear and
three-dimensional epitopes can induce an allergic reaction in organisms. Three-dimensional epitopes tend
to sustain their structure upon inhalation and thus are capable of aggravating hypersensitive reactions in the
organism [65]. Grinding and drying of the spices denature class 2 allergens, hence its associated allergenicity.
However, a pathogenesis-related protein in paprika, osmotin (P-23) resists processing. A similar trend was
observed in “celery-mugwort spices” syndrome with the members of anise, fennel, cumin, and coriander
and Bet v1 and profilin homologs in poppy, even after roasting.

4.2. Sensors and Mediators of Spice Sensitization

Respiratory allergic reactions seem to be mediated by a family of proteins known as transient
receptor potential (TRP) superfamily [66]. They have been classified into 28 different members in the
mammals and act as polymodal sensors and ion channels [67]. In the presence of suitable stimuli,
a cellular calcium influx is generated resulting in depolarization thus trigger voltage-dependent cellular
processes [68]. TRP agonists tend to bind to the ankyrin motifs present of the extracellular surface of
the protein and induce the activation of gated calcium channels [69]. TRPA1 agonists include extracts
from spicy foods, such as mustard oil, garlic, cinnamon, black pepper, and wasabi. These TRP proteins
are considered as the connection between the respiratory immune system and inflammation-inducing
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neuron system [70]. TRPA1 activation plays a crucial role in the mechanism for evoking cough
associated with environmental and occupational exposure to respiratory irritants. Challenged with an
antigen followed by activation of airway sensory nerves, triggers a central neuronal reflex is triggered
leading to a parasympathetic cholinergic constrictor response. The data showed that blockade of the
TRPA1, but not TRPV1, channels inhibited the LAR [71].

TRPV1 channel agonists have been shown to cause bronchoconstriction in humans and animals;
the response is thought to involve local ‘neurogenic inflammation” and activation of a central reflex [71].
Sensory C fibers expressing TRPV1 were reported to show high co-localization between the neurokinins
calcitonin gene-related peptide and substance P [72]. TRPV1 channels have a propensity to bind to
different noxious metabolites is the region demarcated by TM2 through TM4 transmembrane domains
addressed as the vanilloid binding pocket [73-75]. Capsaicin has been extensively studied and found to
induce outward movements of 54-S5 linker between TM2 and TM3, thus activating it [76]. TRPV1, once
activated by vanilloid molecules allows the influx of cations, as Ca?* and Na*. TRPV1 induces apoptosis
by activating calcium-dependent proteases, lipases, and nucleases. Simultaneously, it activates the
TCR mediated immune response pathway resulting in activation and localization of B cells, killer T
cells, macrophages and mast cells [77,78]. Proteinaceous allergens like BetV1 tends to bind ankyrin
repeat of TRPA1, thus inducing the IL3 producing Th2 cells [79] (Figure 4).

TRPV1 TRPA1

DOWNSTRE

v ACTIVATION v
azga"” v

.. ))) TCR-INDUCED CYTOKINE PRODUCTION

SPINAL CORD Activated CD4+ cells

ACTION POTENTIAL
INITIATION .C
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B-CELLS  MACROPHAGES KILLER MAST
ACTIVATION TCELLS CELLS
Y Y PHAGOCYTOSIS ACTIVATION BIOGENESIS
CYTOKINE DEGRANULATION

PRODUCTION

Figure 4. Overview of immune response elicited in response to binding of allergen to transient receptor
potential TRPV receptors. Binding of agonist [*] induces the activation and subsequent aggravation
of the immune response.

5. Control Strategies and Assessment

As of now for spice allergens, no mandates for exposure limits and threshold limit values have
been implemented globally. The USA has categorized spice dust particles as particulates not otherwise
regulated (PNOR). In California, the OSHA permissible exposure limit (PEL) for PNOR is 10 mg/m?
for total (inhalable) dust [80]. An increase in nasal based symptoms has been found to be correlated to
1 mg/m3 whereas the risk of asthma was found to be at concentrations more than 3 mg/m? concentration
level (Wiley, 1997). Similarly, in Poland, PEL for organic dust are 2 mg/m? for thoracic and 1 mg/m?
for respirable fractions in the presence of silica dispersants and its absence, acceptable values are
4 mg/m? for thoracic and 2 mg/m3 for respirable fractions [81]. However, infused adulterants and
pre-sensitization to an allergen tend to lower the requisite levels of PNORs further and hence have a
tendency to aggravate allergic reaction in short time duration [82,83].

As occupational allergic outbreaks among exposed workers have intensified over the years,
certain standards have been postulated by the government. Ministry of Environment and Forests
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under Environment (Protection) Rules and Emission Control System have limited particulate emission
standards to 150 mg/nm?® with the height of 11 m above ground level and 2 m above roof level.
Similarly, National ambient air quality standards (NAAQS) (Table 1) have set exposure assessment
mechanisms of particulate matter.

Table 1. National ambient air quality standards (NAAQS) and methods Source: http://cpcb.nic.in/air-
quality-standard/.

Concentration in Ambient Air

Time
Pollutants Weighted .Indu§trial, Ecologically.S.ensitive Methods of
Average Residential, Rural Area (Notified by Measurement
& other Areas Central Government)

Particulate Matter Annual 60 60 1. Gravimetric
(Size < 10 um) or 2. TEOM

PMg ug/m3 24 H 100 100 3. Beta attenuation
Particulate Matter Annual 40 40 1. Gravimetric
(Size < 2.5 um) or 2. TEOM

PM, 5 pg/m3 24H 60 60 3. Beta attenuation

Currently, testing and validation of the plausible allergens depend on double-blind placebo-based
field trials; but the environmental conditions may lead to inconsistency of results. Hence, the trend is
progressing towards the usage of allergen exposure unit (AEU) like Allergen Biocube [84]. AEC enables
exposure of specific allergens in a controlled environment and tends to complement the field trials
for allergen studies. AECs have been set up in the USA, Canada, Japan, Germany, France, Denmark,
Poland, and Austria. Some specific standards have been set by the task force to maintain a uniformity
of the conditions used in these AECs primarily being, duration of exposure, the frequency of challenges,
level of allergen exposure, types of placebo and patients screened and their safety issues [85].

With the escalating levels of allergic manifestations, workplace control of exposure needs an integrated
approach for control of PNOR emissions. Based on the individual survey and the meta-analysis on
occupational exposure to airborne particulates in terms of spices, several controls have been formulated
for the sake of implementation. Strategy for controlling measures have been designed on the ‘'STOP
principle’ which combines four components as systemic (S), technical (T), organizational (O) and personal (P)
measures [86,87]. Systemic measures embrace control of procedural risk whereas technical measures involve
minimization of the emission of spice particles in processing and seasoning. Organizational measures
cover isolation of workstations, restriction of movement and operational sites to avoid high contamination
levels, training to promote safe working habits, medical surveillance while personal measures may be kept
on respiratory protection, personal protective equipment.

6. Conclusions

Spices have aromatic properties and are thus used as seasoning and food processing worldwide.
Although beneficial for human health due to its enzyme stimulating characteristics spice particles emitted
during various processes are a matter of concern as these suspended particulate matters are inhaled and
settled particles come in contact with skin causes respiratory and allergic ailment. These ailments may be
occupational asthma due to short term exposure and could lead to occupational dermatitis and rhinitis if
failing to cure. In the same way, rendering skin contact allergy can occur depending on the long term and
short-term exposure of spice dust. Spice dust has been categorized based on various definitions (Table 1)
and concluded that spice dust might also be called as combustible dust due to its explosive nature.

However, there is no provision to reference and regulate the combustible dust directly in the national
Health and Safety Executive legislation. Though it may be regulated indirectly concerning general clauses
related to providing a safe workplace for workers, for instance, ventilation requirements, explosion
suppression systems, etc. Thus, this is essential to understand the potential for combustible dust to
manage the issue properly. So far, there is no comprehensive study on spices which can give a direction to
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policymakers to formulate the guidelines to prevent occupational health hazards. In this study, we have
tried to investigate a collective approach in terms of spice, like the source of origin and size of suspended
particulate matter; type of combustible dust and; the health effects due to airborne particles.

Future work will attempt to evaluate exposure-response relationships as it is imperative to
characterize the occupational environment and its health effects.

7. Limitations of the Study

Time and financial constraints are the main limitations on the validity of the study, which require
various intercessions such as engineering controls of dust emission, other industries of a similar
nature, drawing up the questionnaire based on participant’s habits. The results of this study are
corresponding to secondary sampling concentration levels and not to personal sampling concentrations
as per potential participants.

Author Contributions: E.U., S.R., M.D.: designed and developed the framework of review, A . AM.A., N.D. and
J.K.: Verified the analytical and technical content of the review

Funding: This research was supported by Basic Science Research Program through the National
Research Foundation of Korea (NRF) funded by the Ministry of Education, Science and Technology
(NRF-2014R1A1A2A16054759, NRF-2016R1D1A1B03932659).

Acknowledgments: We wholeheartedly thank all the authors whose research work has made this review possible.

Conflicts of Interest: The authors declare no conflict of interest

References

1.  Ackermann, L.; Aalto-Korte, K.; Jolanki, R.; Alanko, K. Occupational allergic contact dermatitis from
cinnamon including one case from airborne exposure. Contact Dermat. 2009, 60, 96-99. [CrossRef] [PubMed]

2. NRCSS. Annual Report, 2015-16 NRCSS Vision (2050); NRCSS: Ajmer, India, 2016.

3.  Lal, G. Scenario, Importance and Prospects of Seed Spices: A Review. Curr. Investig. Agric. Curr. Res. 2018, 4,
491-498. [CrossRef]

4. Fiocchi, A.; Dahdah, L.; Martelli, A.; Mazzina, O.; Manzotti, G. Spice allergies in children. Ann. Allergy
Asthma Immunol. 2014, 112, 72-73.

5. Jensen-Jarolim, E.; Gajdzik, L.; Haberl, I; Kraft, D.; Scheiner, O.; Graf, J. Hot spices influence permeability of
human intestinal epithelial monolayers. |. Nutr. 1998, 128, 577-581. [CrossRef] [PubMed]

6. Tangirala, A.D.S.; Charithkumar, K.; Goswami, T.K. Modeling of size reduction, particle size analysis and
flow characterisation of spice powders ground in hammer and pin mills. Int. J. Res. Eng. Technol. 2014, 3,
296-309.

7. Xanthakis, E.; Ahrné, L.; Windhab, E.]. Flow Properties of Spices Measured with Powder Flow Tester and
Ring Shear Tester-XS AU-Slettengren, Katarina. Int. J. Food Prop. 2016, 19, 1475-1482.

8.  Tepi¢, AN.; Sumi¢, ZM.; Vukan, M.B. Influence of particle diameter on the colour of ground pepper
(Capsicum annuum L.). Acta Periodica Technol. 2010, 41, 87-93. [CrossRef]

9. ACGIH. TLVs and BEIs: Based on the Documentation of the Threshold Limit Values for Chemical Substances and
Physical Agents & Biological Exposure Indices; American Conference of Governmental Industrial Hygienists
(ACGIH): Cincinnati, OH, USA, 1999.

10. ISO. Air Quality—Particle Size Fractions Definitions for the Health-Related Sampling. ISO Standard 7708;
International Standards Organization: Geneva, Switzerland, 1995.

11.  CEN. Workplace Atmospheres-Size Fraction Definitions for Measurements of Airborne Particles. European Standard
EN 481; European Standardization Committee (CEN): Brussels, Belgium, 1993.

12.  Smith, H. Human respiratory tract model for radiological protection. Ann. ICRP 1994, 24, 1-482.

13.  Shashidhar, M.G.; Murthy Krishna, T.P,; Girish, G.K.; Manohar, B. Grinding of Coriander Seeds: Modeling of
Particle Size Distribution and Energy Studies. Part. Sci. Technol. 2013, 31, 449-457. [CrossRef]

14.  Willeke, K.; Baron, P.A. Aerosol Measurement. Principles, Techniques and Applications; Van Nostrand Reinhold:
New York, NY, USA, 1993.


http://dx.doi.org/10.1111/j.1600-0536.2008.01486.x
http://www.ncbi.nlm.nih.gov/pubmed/19207380
http://dx.doi.org/10.32474/CIACR.2018.04.000181
http://dx.doi.org/10.1093/jn/128.3.577
http://www.ncbi.nlm.nih.gov/pubmed/9482766
http://dx.doi.org/10.2298/APT1041087T
http://dx.doi.org/10.1080/02726351.2013.772546

Int. |. Environ. Res. Public Health 2019, 16, 1519 10 of 13

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

Behrendt, H.; Friedrich, K.; Kainka-Sténicke, E.; Darsow, U.; Becker, W.; Tomingas, R. Allergens and pollutants
in the air—A complex interaction. In New Trends in Allergy III; Springer: Berlin/Heidelberg, Germany, 1991;
pp- 467-478.

Zuskin, E.; Kanceljak, B.; Skuric, Z.; Pokrajac, D.; Schachter, E.N.; Witek, T.].; Maayani, S. Inmunological and
respiratory findings in spice-factory workers. Environ. Res. 1988, 47, 95-108. [CrossRef]

Jones, M.G. Exposure-response in occupational allergy. Curr. Opin. Allergy Clin. Immunol. 2008, 8, 110-114.
[CrossRef]

Noor, H.; Sansi, W.; Othman, Z.; Mohamad, F. Effects of spice dust on lung functions and respiratory
symptoms in spice factory workers in Selangor. Pertanika J. Trop. Agric. Sci. 2000, 23, 61-66.

Jeebhay, M.E,; Quirce, S. Occupational asthma in the developing and industrialised world: A review. Int. J.
Tuberc. Lung Dis. 2007, 11, 122-133. [PubMed]

Rivera-Mariani, EE.; Matsui, E.C.; Breysse, PN. Performance of the halogen immunoassay to assess airborne
mouse allergen-containing particles in a laboratory animal facility. J. Expo. Sci. Environ. Epidemiol. 2014, 24,
3-8. [CrossRef] [PubMed]

Green, B.J.; Yli-Panula, E.; Tovey, E.R. Halogen immunoassay, a new method for the detection of sensitization
to fungal allergens; comparisons with conventional techniques. Allergol. Int. 2006, 55, 131-139. [CrossRef]
[PubMed]

Masngut, M.I; BB, M.R.; Anita, A.R. A systematic review on risk factors for reduced lung function due to
occupational respirable dust exposures; 2005-2015. Int. J. Public Health Clin. Sci. 2015, 2, 44-62.

SSA. Allergen Risk Assessment Model for Dried Herbs and Spices; Report of SSA Secretariat and Anaphylaxis
Campaign; SSA: London, UK, 2017; pp. 1-14.

Van der Walt, A.; Baatjies, R.; Singh, T.; Jeebhay, M.F. Environmental factors associated with baseline and
serial changes in fractional exhaled nitric oxide (FeNO) in spice mill workers. Occup. Environ. Med. 2016, 73,
614-620. [CrossRef] [PubMed]

Akpinar-Elci, M.; Bidaisee, S.; Nguyen, M.T.; Elci, O.C. Occupational exposure and respiratory health
problems among nutmeg production workers in Grenada, the Caribbean. Int. J. Occup. Environ. Health 2017,
23,20-24. [CrossRef] [PubMed]

Denisow-Pietrzyk, M.; Pietrzyk, L.; Denisow, B. Asteraceae species as potential environmental factors of
allergy. Environ. Sci. Pollut. Res. Int. 2019, 26, 6290-6300. [CrossRef]

Chen, J.L.; Bahna, S.L. Spice allergy. Ann. Allergy Asthma Immunol. 2011, 107, 191-199. [CrossRef]

Zaffran, V.D.; Sathe, S.K. Immunoreactivity of Biochemically Purified Amandin from Thermally Processed
Almonds (Prunus dulcis L.). J. Food Sci. 2018, 83, 1805-1809. [CrossRef] [PubMed]

Andreozzi, L.; Giannetti, A.; Cipriani, F; Caffarelli, C.; Mastrorilli, C.; Ricci, G. Hypersensitivity reactions to
food and drug additives: Problem or myth? Acta Biomed. 2019, 90, 80-90.

Garcia-Gonzalez, ].J.; Bartolome-Zavala, B.; Fernandez-Melendez, S.; Barcelo-Munoz, ].M.; Miranda
Paez, A.; Carmona-Bueno, M.].; Vega-Chicote, ].M.; Negro Carrasco, M.A.; Ameal Godoy, A.; Pamies
Espinosa, R. Occupational rhinoconjunctivitis and food allergy because of aniseed sensitization. Ann. Allergy
Asthma Immunol. 2002, 88, 518-522. [CrossRef]

Veli¢kovi¢, T.C.; Gavrovi¢-Jankulovi¢, M. Phytochemicals and Hypersensitivity Disorders. In Food Allergens;
Springer: Berlin/Heidelberg, Germany, 2014; pp. 155-173.

Nam, Y.H,; Jin, HJ.; Hwang, EK_; Shin, Y.S.; Ye, YM.; Park, H.S. Occupational rhinitis induced by capsaicin.
Allergy Asthma Immunol. Res. 2012, 4, 104-106. [CrossRef]

Slovarp, L.J.; Bozarth, E. Altering cough reflex sensitivity with aerosolized capsaicin paired with behavioral
cough suppression: A proof-of-concept study. Ann. Transl. Med. 2019, 7, 7. [CrossRef] [PubMed]

Fuller, RW.; Dixon, C.M.; Barnes, P.J. Bronchoconstrictor response to inhaled capsaicin in humans.
J. Appl. Physiol. 1985, 58, 1080-1084. [CrossRef]

Groneberg, D.A.; Quarcoo, D.; Frossard, N.; Fischer, A. Neurogenic mechanisms in bronchial inflammatory
diseases. Allergy 2004, 59, 1139-1152. [CrossRef]

Georgakopoulou, E.A. Cinnamon contact stomatitis. J. Dermatol. Case Rep. 2010, 4, 28-29. [CrossRef]
Thompson, D.A.; Tan, B.B. Tetrahydracurcumin-related allergic contact dermatitis. Contact Dermat. 2006, 55,
254-255. [CrossRef]

Tammannavar, P.; Pushpalatha, C.; Jain, S.; Sowmya, S.V. An unexpected positive hypersensitive reaction to
eugenol. BMJ] Case Rep. 2013, 2013. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/S0013-9351(88)80024-0
http://dx.doi.org/10.1097/ACI.0b013e3282f4b5f1
http://www.ncbi.nlm.nih.gov/pubmed/17263280
http://dx.doi.org/10.1038/jes.2012.76
http://www.ncbi.nlm.nih.gov/pubmed/22805992
http://dx.doi.org/10.2332/allergolint.55.131
http://www.ncbi.nlm.nih.gov/pubmed/17075249
http://dx.doi.org/10.1136/oemed-2015-103005
http://www.ncbi.nlm.nih.gov/pubmed/27207150
http://dx.doi.org/10.1080/10773525.2017.1280948
http://www.ncbi.nlm.nih.gov/pubmed/28249553
http://dx.doi.org/10.1007/s11356-019-04146-w
http://dx.doi.org/10.1016/j.anai.2011.06.020
http://dx.doi.org/10.1111/1750-3841.14206
http://www.ncbi.nlm.nih.gov/pubmed/29905947
http://dx.doi.org/10.1016/S1081-1206(10)62392-7
http://dx.doi.org/10.4168/aair.2012.4.2.104
http://dx.doi.org/10.21037/atm.2018.12.26
http://www.ncbi.nlm.nih.gov/pubmed/30788354
http://dx.doi.org/10.1152/jappl.1985.58.4.1080
http://dx.doi.org/10.1111/j.1398-9995.2004.00665.x
http://dx.doi.org/10.3315/jdcr.2010.1047
http://dx.doi.org/10.1111/j.1600-0536.2006.00857.x
http://dx.doi.org/10.1136/bcr-2013-009464
http://www.ncbi.nlm.nih.gov/pubmed/24049087

Int. |. Environ. Res. Public Health 2019, 16, 1519 11 of 13

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Fraj, J.; Lezaun, A.; Colas, C.; Duce, F.; Dominguez, M.A.; Alonso, M.D. Occupational asthma induced by
aniseed. Allergy 1996, 51, 337-339. [CrossRef]

Sastre, J.; Olmo, M.; Novalvos, A.; Ibanez, D.; Lahoz, C. Occupational asthma due to different spices. Allergy
1996, 51, 117-120. [CrossRef] [PubMed]

DeLano, W.L. Pymol: An open-source molecular graphics tool. CCP4 Newsl. Protein Crystallogr. 2002, 40,
82-92.

Song, TW.; Hong, J.Y.; Lee, K.E.; Kim, M.N.; Kim, Y.H.; Lee, S.Y,; Kim, KW.; Sohn, M.H.; Kim, K.E.
IgE reactivity to carbohydrate moieties of glycoproteins in wheat allergy. Allergy Asthma Proc. 2015, 36,
192-199. [CrossRef] [PubMed]

Faber, M.A; Van Gasse, A.L.; Decuyper, II; Sabato, V.; Hagendorens, M.M.; Mertens, C.; Bridts, C.H.; De
Clerck, L.S.; Ebo, D.G. Cross-Reactive Aeroallergens: Which Need to Cross Our Mind in Food Allergy
Diagnosis? J. Allergy Clin. Immunol. Pract. 2018, 6, 1813-1823. [CrossRef]

Vocks, E.; Borga, A.; Szliska, C.; Seifert, H.; Seifert, B.; Burow, G.; Borelli, S. Common allergenic structures in
hazelnut, rye grain, sesame seeds, kiwi, and poppy seeds. Allergy 1993, 48, 168-172. [CrossRef] [PubMed]
Fong, A.T.; Du Toit, G.; Versteeg, S.A.; van Ree, R. Pink peppercorn: A cross-reactive risk for cashew- and
pistachio-allergic patients. J. Allerqy Clin. Immunol. Pract. 2019, 7, 724-725.el. [CrossRef] [PubMed]
Casanal, A.; Zander, U.; Munoz, C.; Dupeux, F; Luque, L; Botella, M.A.; Schwab, W.; Valpuesta, V,;
Marquez, J.A. The strawberry pathogenesis-related 10 (PR-10) Fra a proteins control flavonoid biosynthesis
by binding to metabolic intermediates. J. Biol. Chem. 2013, 288, 35322-35332. [CrossRef] [PubMed]
Gajhede, M.; Osmark, P; Poulsen, EM.; Ipsen, H.; Larsen, ].N.; Joost van Neerven, R.J.; Schou, C.;
Lowenstein, H.; Spangfort, M.D. X-ray and NMR structure of Bet v 1, the origin of birch pollen allergy.
Nat. Struct. Biol. 1996, 3, 1040-1045. [CrossRef] [PubMed]

Zander, U.; Hoffmann, G.; Cornaciu, I.; Marquette, ].P.; Papp, G.; Landret, C.; Seroul, G.; Sinoir, J.; Rower, M.;
Felisaz, F.; et al. Automated harvesting and processing of protein crystals through laser photoablation.
Acta Crystallogr. D Struct. Biol. 2016, 72, 454—466. [CrossRef]

Al-Rabia, M.W. Food-induced immunoglobulin E-mediated allergic rhinitis. J. Microsc. Ultrastruct. 2016, 4,
69-75. [CrossRef]

Jeebhay, M.F,; Van der Walt, A. Work-related allergy and asthma to inhaled spices-a review: ALLSA Research
Awards report-allergies in the workplace. Curr. Allergy Clin. Immunol. 2010, 23, 186-192.

Jindal, SK.; Aggarwal, A.N.; Gupta, D.; Agarwal, R.; Kumar, R.; Kaur, T.; Chaudhry, K.; Shah, B. Indian study
on epidemiology of asthma, respiratory symptoms and chronic bronchitis in adults INSEARCH). Int. J.
Tuberc. Lung Dis. 2012, 16, 1270-1277. [CrossRef]

Jeebhay, ML.F; Robins, T.G.; Lehrer, S.B.; Lopata, A.L. Occupational seafood allergy: A review.
Occup. Environ. Med. 2001, 58, 553-562. [CrossRef]

Wu, T.; Taubel, M.; Holopainen, R.; Viitanen, A.-K.; Vainiotalo, S.; Tuomi, T.; Keskinen, J.; Hyvérinen, A.;
Hémeri, K.; Saari, S.E.; et al. Infant and Adult Inhalation Exposure to Resuspended Biological Particulate
Matter. Environ. Sci. Technol. 2018, 52, 237-247. [CrossRef] [PubMed]

Rudolf, G.; Gebhart, J.; Heyder, J.; Scheuch, G.; Stahlhofen, W. Mass deposition from inspired polydisperse
aerosols. In Inhaled Particles VI; Elsevier: Amsterdam, The Netherlands, 1988; pp. 919-938.

Lippmann, M. Regional deposition of particles in the human respiratory tract. In Handbook of physiology, Section
1V, Environmental Physiology, 2nd ed.; Lee, D.H.K., Murphy, S., Eds.; Williams and Wilkins: Philadelphia, PA,
USA, 1977; Volume 9, pp. 213-232.

Schulz, H.; Harder, V.; Ibald-Mulli, A.; Khandoga, A.; Koenig, W.; Krombach, F; Radykewicz, R.; Stampfl, A.;
Thorand, B.; Peters, A. Cardiovascular Effects of Fine and Ultrafine Particles. J. Aerosol Med. 2005, 18, 1-22.
[CrossRef]

Scholl, I.; Jensen-Jarolim, E. Allergenic potency of spices: Hot, medium hot, or very hot. Int. Arch.
Allergy Immunol. 2004, 135, 247-261. [CrossRef] [PubMed]

Bueno-Diaz, C.; Martin-Pedraza, L.; Benedé, S.; Haroun-Diaz, E.; de las Heras, M.; Batanero, E.;
Cuesta-Herranz, J.; Villalba, M. Seed storage 2S albumins are predictive indicators of exclusive Anacardiaceae
cross-reactivity. Clin. Exp. Allergy 2019, 49, 545-549. [CrossRef]


http://dx.doi.org/10.1111/j.1398-9995.1996.tb04619.x
http://dx.doi.org/10.1111/j.1398-9995.1996.tb04568.x
http://www.ncbi.nlm.nih.gov/pubmed/8738518
http://dx.doi.org/10.2500/aap.2015.36.3815
http://www.ncbi.nlm.nih.gov/pubmed/25976436
http://dx.doi.org/10.1016/j.jaip.2018.08.010
http://dx.doi.org/10.1111/j.1398-9995.1993.tb00708.x
http://www.ncbi.nlm.nih.gov/pubmed/8506983
http://dx.doi.org/10.1016/j.jaip.2018.11.051
http://www.ncbi.nlm.nih.gov/pubmed/30594585
http://dx.doi.org/10.1074/jbc.M113.501528
http://www.ncbi.nlm.nih.gov/pubmed/24133217
http://dx.doi.org/10.1038/nsb1296-1040
http://www.ncbi.nlm.nih.gov/pubmed/8946858
http://dx.doi.org/10.1107/S2059798316000954
http://dx.doi.org/10.1016/j.jmau.2015.11.004
http://dx.doi.org/10.5588/ijtld.12.0005
http://dx.doi.org/10.1136/oem.58.9.553
http://dx.doi.org/10.1021/acs.est.7b04183
http://www.ncbi.nlm.nih.gov/pubmed/29144737
http://dx.doi.org/10.1089/jam.2005.18.1
http://dx.doi.org/10.1159/000081950
http://www.ncbi.nlm.nih.gov/pubmed/15528928
http://dx.doi.org/10.1111/cea.13357

Int. |. Environ. Res. Public Health 2019, 16, 1519 12 of 13

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Kinaciyan, T.; Nagl, B.; Faustmann, S.; Frommlet, F.; Kopp, S.; Wolkersdorfer, M.; Wohrl, S.; Bastl, K,;
Huber, H.; Berger, U. Efficacy and safety of 4 months of sublingual immunotherapy with recombinant Mal d
1 and Bet v 1 in patients with birch pollen-related apple allergy. J. Allergy Clin. Immunol. 2018, 141, 1002-1008.
[CrossRef] [PubMed]

Baker, M.G.; Sampson, H.A. Phenotypes and endotypes of food allergy: A path to better understanding the
pathogenesis and prognosis of food allergy. Ann. Allergy Asthma Immunol. 2018, 120, 245-253. [CrossRef]
[PubMed]

Van der Walt, A.; Singh, T.; Baatjies, R.; Lopata, A.L.; Jeebhay, M.F. Work-related allergic respiratory
disease and asthma in spice mill workers is associated with inhalant chili pepper and garlic exposures.
Occup. Environ. Med. 2013, 70, 446—452. [CrossRef]

Paulsen, E. Systemic allergic dermatitis caused by sesquiterpene lactones. Contact Dermat. 2017, 76, 1-10.
[CrossRef]

Paulsen, E.; Andersen, K.E.; Hausen, B. Sensitization and cross-reaction patterns in Danish
Compositae-allergic patients. Contact Dermat. 2001, 45, 197-204. [CrossRef]

Egger, M.; Mutschlechner, S.; Wopfner, N.; Gadermaier, G.; Briza, P; Ferreira, F. Pollen-food syndromes
associated with weed pollinosis: An update from the molecular point of view. Allergy 2006, 61, 461-476.
[CrossRef]

Ramaraj, T.,; Angel, T.; Dratz, E.A.; Jesaitis, A.].; Mumey, B. Antigen-antibody interface properties:
Composition, residue interactions, and features of 53 non-redundant structures. Biochim. Biophys. Acta 2012,
1824, 520-532. [CrossRef] [PubMed]

Kim, J.H. The Emerging Role of TRPV1 in Airway Inflammation. Allerqy Asthma Immunol. Res. 2018, 10,
187-188. [CrossRef]

Gees, M.; Colsoul, B.; Nilius, B. The role of transient receptor potential cation channels in CaZt signaling.
Cold Spring Harb. Perspect. Biol. 2010, 2, a003962. [CrossRef]

Zholos, A.V. TRP Channels in Respiratory Pathophysiology: The Role of Oxidative, Chemical Irritant and
Temperature Stimuli. Curr. Neuropharmacol. 2015, 13, 279-291. [CrossRef]

Samanta, A.; Hughes, TE.T.; Moiseenkova-Bell, V.Y. Transient Receptor Potential (TRP) Channels.
Subcell. Biochem. 2018, 87, 141-165. [PubMed ]

Mihara, S.; Shibamoto, T. The role of flavor and fragrance chemicals in TRPA1 (transient receptor potential
cation channel, member A1) activity associated with allergies. Allergy Asthma Clin. Immunol. 2015, 11, 11.
[CrossRef]

Grace, M.S.; Baxter, M.; Dubuis, E.; Birrell, M.A.; Belvisi, M.G. Transient receptor potential (TRP) channels in
the airway: Role in airway disease. Br. ]. Pharmacol. 2014, 171, 2593-2607. [CrossRef]

Price, T.J.; Flores, C.M. Critical evaluation of the colocalization between calcitonin gene-related peptide,
substance P, transient receptor potential vanilloid subfamily type 1 immunoreactivities, and isolectin
B4 binding in primary afferent neurons of the rat and mouse. J. Pain 2007, 8, 263-272. [CrossRef] [PubMed]
Elokely, K.; Velisetty, P; Delemotte, L.; Palovcak, E.; Klein, M.L.; Rohacs, T.; Carnevale, V.
Understanding TRPV1 activation by ligands: Insights from the binding modes of capsaicin and resiniferatoxin.
Proc. Natl. Acad. Sci. USA 2016, 113, E137-E145. [CrossRef] [PubMed]

Flynn, R.; Chapman, K; Iftinca, M.; Aboushousha, R.; Varela, D.; Altier, C. Targeting the transient receptor
potential vanilloid type 1 (TRPV1) assembly domain attenuates inflammation-induced hypersensitivity.
J. Biol. Chem. 2014, 289, 16675-16687. [CrossRef] [PubMed]

Kumar, R.; Hazan, A.; Basu, A.; Zaleman, N.; Matzner, H.; Priel, A. Tyrosine Residue in the TRPV1 Vanilloid
Binding Pocket Regulates Deactivation Kinetics. . Biol. Chem. 2016, 291, 13855-13863. [CrossRef] [PubMed]
Yang, F; Xiao, X.; Cheng, W.; Yang, W.; Yu, P; Song, Z.; Yarov-Yarovoy, V.; Zheng, J. Structural mechanism
underlying capsaicin binding and activation of the TRPV1 ion channel. Nat. Chem. Biol. 2015, 11, 518-524.
[CrossRef] [PubMed]

Yang, F.; Zheng, J. Understand spiciness: Mechanism of TRPV1 channel activation by capsaicin. Protein Cell
2017, 8, 169-177. [CrossRef]

Bertin, S.; Aoki-Nonaka, Y.; De Jong, PR.; Nohara, L.L.; Xu, H.; Stanwood, S.R.; Srikanth, S.; Lee, J.; To, K.;
Abramson, L. The ion channel TRPV1 regulates the activation and proinflammatory properties of CD4+ T
cells. Nat. Immunol. 2014, 15, 1055. [CrossRef]


http://dx.doi.org/10.1016/j.jaci.2017.07.036
http://www.ncbi.nlm.nih.gov/pubmed/28870463
http://dx.doi.org/10.1016/j.anai.2018.01.027
http://www.ncbi.nlm.nih.gov/pubmed/29378246
http://dx.doi.org/10.1136/oemed-2012-101163
http://dx.doi.org/10.1111/cod.12671
http://dx.doi.org/10.1034/j.1600-0536.2001.450402.x
http://dx.doi.org/10.1111/j.1398-9995.2006.00994.x
http://dx.doi.org/10.1016/j.bbapap.2011.12.007
http://www.ncbi.nlm.nih.gov/pubmed/22246133
http://dx.doi.org/10.4168/aair.2018.10.3.187
http://dx.doi.org/10.1101/cshperspect.a003962
http://dx.doi.org/10.2174/1570159X13666150331223118
http://www.ncbi.nlm.nih.gov/pubmed/29464560
http://dx.doi.org/10.1186/s13223-015-0074-0
http://dx.doi.org/10.1111/bph.12538
http://dx.doi.org/10.1016/j.jpain.2006.09.005
http://www.ncbi.nlm.nih.gov/pubmed/17113352
http://dx.doi.org/10.1073/pnas.1517288113
http://www.ncbi.nlm.nih.gov/pubmed/26719417
http://dx.doi.org/10.1074/jbc.M114.558668
http://www.ncbi.nlm.nih.gov/pubmed/24808184
http://dx.doi.org/10.1074/jbc.M116.726372
http://www.ncbi.nlm.nih.gov/pubmed/27143360
http://dx.doi.org/10.1038/nchembio.1835
http://www.ncbi.nlm.nih.gov/pubmed/26053297
http://dx.doi.org/10.1007/s13238-016-0353-7
http://dx.doi.org/10.1038/ni.3009

Int. |. Environ. Res. Public Health 2019, 16, 1519 13 of 13

79.

80.

81.

82.

83.

84.

85.

86.

87.

Roth-Walter, F.; Gomez-Casado, C.; Pacios, L.F.; Mothes-Luksch, N.; Roth, G.A.; Singer, ].; Diaz-Perales, A.;
Jensen-Jarolim, E. Bet v 1 from birch pollen is a lipocalin-like protein acting as allergen only when devoid of
iron by promoting Th2 lymphocytes. . Biol. Chem. 2014, 289, 17416-17421. [CrossRef]

Zwack, LM.; Tapp, L.C. Evaluation of Dust Exposures in a Spice Shop; HHE Report No. 2016-0098-3288; Centers
for Disease control and Prevention, National Institute for Occupational Safety and Hazards: Atlanta, GA,
USA, 2017.

Stobnicka, A.; Gorny, R.L. Exposure to flour dust in the occupational environment. Int. . Occup. Saf. Ergon.
2015, 21, 241-249. [CrossRef]

Goswami, K.; Mazumdar, I. Lead poisoning and some commonly used spices: An Indian scenario. IJAIR
2014, 3, 433-435.

Moscato, G.; Vandenplas, O.; Gerth Van Wijk, R.; Malo, J.L.; Quirce, S.; Walusiak, J.; Castano, R.; De Groot, H.;
Folletti, I; Gautrin, D.; et al. EAACI Task Force on Occupational Rhinitis. Allergy 2008, 63, 969-980. [PubMed]
Angjeli, E.; Gomes, P.; Lane, K.J.; Stein, L.; Abelson, M.B. Technical and clinical validation of the Allergen
BioCube((R)) for timothy grass. Immunity Inflamm. Dis. 2017, 5, 78-84. [CrossRef] [PubMed]
Rosner-Friese, K.; Kaul, S.; Vieths, S.; Pfaar, O. Environmental exposure chambers in allergen immunotherapy
trials: Current status and clinical validation needs. J. Allergy Clin. Immunol. 2015, 135, 636—-643. [CrossRef]
[PubMed]

ECHA. Guidance on Information Requirements and Chemical Safety Assessment Chapter R.14: Occupational
Exposure Estimation. Version: 2. ECHA-2010-G-09-EN, Helsinki: ECHA. 2010. Available online: http:
//guidance.echa.europa.eu/docs/guidance_document/information_requirements_r14_en.pdf (accessed on
14 October 2018).

EUOSHA. European Risk Observatory Report: Expert Forecast on Emerging Biological Risks Related to Occupational
Safety and Health; European Agency for Safety and Health at Work; Office for official Publications of the
European Communities: Luxembourg, 2007.

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1074/jbc.M114.567875
http://dx.doi.org/10.1080/10803548.2015.1081764
http://www.ncbi.nlm.nih.gov/pubmed/18691299
http://dx.doi.org/10.1002/iid3.143
http://www.ncbi.nlm.nih.gov/pubmed/28250927
http://dx.doi.org/10.1016/j.jaci.2014.10.045
http://www.ncbi.nlm.nih.gov/pubmed/25528360
http://guidance.echa.europa.eu/docs/guidance_document/information_requirements_r14_en.pdf
http://guidance.echa.europa.eu/docs/guidance_document/information_requirements_r14_en.pdf
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Exposure Assessment 
	Spice Allergens 
	Molecular Assessment of Spice Allergy: How It All Starts? 
	Physiology of Spice Sensitization 
	Sensors and Mediators of Spice Sensitization 

	Control Strategies and Assessment 
	Conclusions 
	Limitations of the Study 
	References

