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Abstract

Introduction: The infestation by mites of stored pro-
ducts is of great economic importance and public health,
with consequences to human health.

Objectives: To describe the mite species associated to
food and stored products that cause implications to hu-
man health as well as to analyze the loss of quality and
nutritional composition of infested food.

Method: Literature review in LILACS-BIREME,
SciELO and MEDLINE databases for publications in
English, Portuguese and Spanish with the descriptors
“mites”, “foods”, ‘storage mites”, “store product mites”,
“dust mites”, “quality control”, “quality foods”, “chemi-
cal composition”, “chemistry”, ‘“allergens’ and ‘“health”.
There were identified 80 articles, but only 55 were rela-
ted to the objectives of the study. Sixteen references were
mentioned in the articles that were found after checked
for relevance. Results and discussion: The activity of the
mites causes loss of sanitary quality, weight and nutri-
tional composition of the infested products, with great
economic loss in the grain industry. Inhalation, ingestion
or contact of mites, byproducts of metabolism and feces
may sensitize susceptible individuals and cause asthma,
allergic rhinitis, contact dermatitis, enteritis and lead to
anaphylaxis. The monitoring of temperature and humi-
dity is essential for the control of mites, as well as better
conservation and hygiene of the units of grain storage.
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ACAROS Y LAS CONSECUENCIAS SOBRE LA
SALUD HUMANA

Resumen

Introduccion: La infestacion por acaros de productos
almacenados es de gran importancia econémica y de sa-
lud piblica, con consecuencias para la salud humana.

Objetivos: Describir las especies de acaros asociados
a los productos alimenticios almacenados y que causan
consecuencias para la salud humana, asi como para ana-
lizar la pérdida de la calidad y la composicién nutricional
de los alimentos infestados.

Método: Revision de la literatura en LILACS-BIRE-
ME, SciELO y MEDLINE bases de datos de las publica-
ciones en Inglés, portugués y espaiiol con los descriptores
“acaros”, “alimentos”, “acaros de almacenamiento”, “los
acaros del producto de su tienda”, “los acaros del polvo”,
“calidad control ¢,” alimentos de calidad ¢,” composicion
quimica “,” quimica ¢,” alérgenos “y” salud “. Se iden-
tificaron 80 articulos, pero sélo 55 estaban relacionados
con los objetivos del estudio. Dieciséis referencias fueron
mencionados en los articulos que se encontraron después
de verificado su relevancia. Resultados y discusion: La
actividad de los acaros causan pérdida de calidad sanita-
ria, el peso y la composicién nutricional de los productos
infestados, con grandes pérdidas econémicas en la indus-
tria del grano. La inhalacion, ingestion o contacto de los
acaros, subproductos del metabolismo y las heces pueden
sensibilizar individuos susceptibles y causar asma, rinitis
alérgica, dermatitis de contacto, enteritis y conducir a la
anafilaxis. El control de la temperatura y la humedad es
esencial para el control de acaros, asi como una mejor
conservacion y la higiene de las unidades de almacena-
miento de grano.

(Nutr Hosp. 2015;31:944-951)
DOI:10.3305/nh.2015.31.2.7772
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Abbreviations

COPD - chronic obstructive pulmonary disease

GM-CSF - colony stimulating factor granulocyte /
macrophage

IgE - immunoglobulin E

IL-6 - Interleukin-6

IL-8 - Interleukin-8

MCP1 - monocyte chemotactic protein-1

TNF -o- tumor necrosis factor

Introduction

The prevalence of allergic diseases such as asth-
ma, rhinitis, contact dermatitis and food allergies has
increased substantially in recent decades and can be
considered a serious public health problem!?. It is es-
timated that 10-20% of the world population has asth-
ma, allergic rhinitis or contact dermatitis®*** and about
6-8% of children under 3 years old and 2-3% of the
general population have some type of food allergy®.

In this context, house dust mites and of storage pro-
ducts are an important source of allergens that can sen-
sitize predisposed individuals and may or may not be
mediated by immunoglobulin E (IgE)***’. The food
allergy is defined as an adverse health effect resulting
from an immunological response to exposure to a parti-
cular food, usually manifested by the production of IgE®.

The house dust mites feed basically of dead hu-
man tissue, animal dander, fungi, bacteria and po-
llen of plants®. The mites of stored products are more
common in rural areas and are found predominantly
in grains such as wheat, corn, oats, barley and their
byproducts'™!!, animal food, hay, straw and in the dust
from the processing facilities and grain storage!>!3.
Sensitization to house dust mites and mites of stored
products occurs through inhalation, ingestion or con-
tact with live or dead mites, byproducts of metabolism
or feces'.

In food, the mite infestation causes loss of quality of
stored products because the mites feed basically of the
germ of the grain'!. They also cause losses on nutritio-
nal composition's and on the stock of seed decreasing
the germinative power of the grain'4. In humans, they
cause respiratory diseases such as asthma and rhini-
tis”!'and contact dermatitis®'*. Mites storage can also
cause acute enteritis by ingestion of bacteria and fungi
which they are vectors'®,

This study aims to discuss the quality and nutritio-
nal composition of food infested by mites and descri-
bes the implications of the activity of these arthropods
on human health.

Method

This work is a literature review. There were sear-
ched the LILACS-BIREME, SCIELOand MEDLINE

databases. Scientific papers published in English, Por-
tuguese and Spanish between 2000 and 2014 abou-
thouse and storage dust mites, quality and nutritional
composition of infested food and activity implications
of these arthropods on human health were selected.
The descriptors “mites”, “foods”, “storage mites”,
“store product mites”, “dust mites”, “quality control”,
“quality foods”, “chemical composition”, “chemis-
try”, “allergens” and “health” were used to search the
databases.Eighty articles were identified, but only 55
were related to the study objectives. The first analysis
of the articles was conducted by the summary and later
by the text. Besides these, 16references mentioned in
the articles that have been found were included due to

their relevance for the study.

Results and discussion
Evolutionary Theory

Most mites of stored products known currently
belong to the suborder Astigmata, but little is known
about the evolutionary origin of these mites. It is
known that the human being began to stockpile food
with the advent of agriculture around 10 thousand
years ago, time enough to allow the evolution of a lar-
ge complex of genres and species in association with
humankind, suggesting that the origin of storage mites
was independent for each species and occurred in their
natural habitat'”.

There are speculations that the Astigmata mites
were fungivorous and that adaptations on thehypo-
pusstageoccurredso that the colonization of other
habitats waspossible'”. Kniille tried to reproduce in
laboratory the conditions that allowed these adapta-
tions and showed that mites isolated in natural en-
vironment have a greater genetic heterogeneity to
induce a hypopus stage than the lineages developed
in laboratory in continuous environmental conditions.
In particular, for Lepidoglyphus destructor (Schrank),
a storage mite, the phenotypic expression of hypopus
stage was determined by the combination of genetic
risk with diet quality, i.e., the interaction between
genotype and environment ensures a continuous and
uninterrupted development of the specie, in favora-
ble environmental conditions for some individuals,
providing the survival and the dispersion to other ha-
bitats when it deteriorates.The variations in hypopus
characteristics in the population of this species pro-
bably constitute a selective adaptation to such condi-
tions of life, the evolutionary ecology'®. Later, a study
of Corente and Kniille demonstrated with experimen-
tal results that the decrease in quality of food increa-
sed the mortality of mites and induced the hypopus
stage. The study suggests that it is not the presence of
a particular substance that induces thehypopus stage,
but the lack of a proper nutritional balance whatever
the nature'®.

Mites and the implications on human
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Regarding to the domestic dust mites, Klimov and
OConnor, in a study using phylogenetic analyzes tests,
of alternative topology of house dust mite, as well as
of reconstruction of ancestral character and irreversi-
bility of parasitism, suggest that the common ancestor
of house dust mites would have suffered a permanent
reversal from a parasitic lifestyle to a free life*. This
would be possible from lineages of free-living mites
that specialize more quickly and extinguished more
slowly than parasitic lineages®'. Such evolution would
be possible by a combination of characteristics of the
common ancestor: tolerance to low humidity, develop-
ment of powerful digestive enzymes enabling feeding
of skin and keratin, and low host specificity with fre-
quent change of hosts?.

In 1979, O’Connor suggested that the mites would
have contacted humans for the first time by the soil
through nest of birds and rodents'’and later than the
first free-living mites in house dust, that theyare nest
inhabitants, i.e., inhabited nests of birds or mammals
and basically fed of fungus®. Regardless of how it ha-
ppened, it is known that at some point in the evolution
of the mites occurred adaptations so that human co-
lonization and stored food possible became possible,
making it important to know the species of synanthro-
pic mites.

Synanthropic species of mites

There are over 48.000 species of mites described
in the literature (Arthropoda: Chelicerata: Arachnida:
Acari) 2, but the synanthropic mites, those living close
to human settlements, are of greatest interest to the hu-
mankind. From the biological standpoint, a mite takes
about 30 days (3-4 weeks) to develop from an egg to
become an adult and lives on average four months in
ideal conditions of temperature (28°C) and relative air
humidity (80%). A female produces 50-80 eggs during
its life?.

Regarding to the allergenicity, mites produce subs-
tances with biological activity including hydrolytic and
non hydrolytic enzymes, inhibitors of enzymes, regu-
latory proteins, of storage and of transport varying sig-
nificantly among different species of mites?. At least
24 groups of allergens are described in the literature,
four with protease activity (cysteine, trypsin, chymo-
trypsin and serine) and three with glycosidase activity
(o-amylase and chitinase). In a study by Morales and
collaborators, the house dust mites showed higher acti-
vity of cysteine, while the storage mites showed consi-
derable increase in the activity of serine®. Stewart su-
ggests that the difference in the expression of protease
would be associated with the base of feeding of these
mites, the house dust mites would express cysteine to
digest skin cells through the hydrolysis of collagen and
keratin, whereas mites of stored products would ex-
press serine to digest the starch present in grains and
derivatives®.

A study of Morales and collaborators demonstrates
that the proteases are involved in the pathogenesis of
allergy, increasing epithelial permeability and permi-
tting the entry and the distribution of the allergen to
the tissues by modulating cell response of the immune
system?and can induce an inflammatory process?. It
is believed that contact with small amounts of aller-
gens could induce a immune tolerance®as well as a
long-term ingestion of small amounts of allergens
could gradually compromise the immunologic inte-
grity and cause, at agiven time, a sensitization of the
individual®*®. It is known that in predisposed indivi-
duals, contact with an allergen can induce an allergic
response, mediated or not by IgE*.

A study by Arlian and collaborators describes the
capability of house dust mites and or storage to stimu-
late cytokine secretion®. Another more recent study
that evaluated the effect of the extract of stored product
mites (Acarus siro L., Chortoglyphus arcuatus (Trou-
peau), and Lepidoglyphus destructor and Tyrophagus
putrescentiae (Schrank) on the endothelial cells of the
skin showed that endotoxins and proteins present in
the extract of storage mites stimulate endothelial cells
of the skin to secrete cytokines and express cell adhe-
sion molecules, but this capability varied among spe-
cies.Acarus siro stimulated a secretion of stimulation
factorof colonies of granulocyte/macrophage (GM-
CSF), interleukin-6 (IL-6), Interleukin-8 (IL-8) and
monocyte chemotactic protein-1 (MCP-1). Chorto-
glyphus arcuatusandLepidoglyphus destructor induce-
dthe secretion of IL-6, IL-8 and MCP-1, and the levels
increased when co-stimulated by tumor necrosis factor
(TNF-0). TheTyrophagus putrescentiae stimulated the
secretion of IL-8 and MCP-1 in response to increasing
doses of extract, whereas only stimulated secretion of
IL-6 at the highest dose of tested extract’.

The synanthropic mites can be divided into two
main groups:

1) House dust mites

House dust mites feed primarily of dead human tis-
sue, animal dander, fungi, bacteria and pollen of plants.
Carpets, curtains, upholstery, mattresses, bedding and
pillows are favorable sites for the habitat of these mi-
tes®. They cause respiratory diseases such as asthma
and rhinitis through inhalation of live or dead mites,
feces or byproducts of the metabolism. They can also
cause contact dermatitis by contact of human epithelial
cells with allergens in the environment®?,

The main species of house dust mites are Dermato-
phagoides farinae Hughes, Dermatophagoides pteron-
yssinus (Trousseart), Euroglyphus maynei (Cooreman)
andBlomiatropicalis (van Bronswijk, Cock &Oshi-
ma)?. Dermatophagoides farinae, Dermatophagoi-
des pteronyssinus, Euroglyphus mayneibelong to the
Pyroglyphidae family, while Blomia tropicalisbelong
to the Glycyphagidae family®.Dermatophagoides pte-
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ronyssinusis more common in Europe, while theDer-
matophagoides farinaeis more common in America'®.

Blomia tropicalis, initially recognized as a storage
mite, has become accepted as house dust mite? as it
has been found in homes in both tropical and subtropi-
cal countries like Spain, India, Taiwan, Brazil, Colom-
bia, the Philippines, Malaysia and Indonesia**.

2) Mites of stored products

Common in urban and rural areas, storage mites are
found predominantly in grains such as wheat, corn,
oats and barley'®", animal feed, hay, straw and in dust
from processing facilities and grain storage'*!*. In
Brazil, the foods infested by food storage mites are:
grains, seeds, bran, flour, hay, feed, sausage products,
meat and dried fish, dried fruits, cheeses and chocolate
powder®,

These mites can contaminate processed foods from
grains, such as flour, breakfast cereal and mixtures for
bakery'®? and they may induce an anaphylactic shock
when ingested by susceptible individuals'??. Studies
have already reported the presence of species of mites
of stored products in domestic environment as mattres-
ses, bedding, carpets and furniture!>'3.

Commonly found storage mite species are: Acarus
siro, Chortoglyphus arcuatus, Tyrophagus putrescen-
tiae, Lepidoglyphus destructor, Glycyphagus domes-
ticus (DeGeer), Aleuroglyphus ovatus (Troupeau),
Suidasia  medanensis(Oudemans), Thyreophagus
entomophagus(Laboulbene)'*3',  Suidasia pontifi-
ca(Oudemans), Blomia kulagini(Zakhvatkin) andGly-
cycometus malaysiensis(Fain & Nadchatram)®. Lepi-
doglyphus destructor, Glycyphagus domesticus and
Chortoglyphus arcuatus mites belong to the Gly-
cyphagidae family andTyrophagus putrescentiaeandA-
carus sirobelong to the Acaridae family?®.

Implications of mites in stored products, in quality
and nutritional composition of foods and human
health

Although the stored products may contain allergens
of vegetal, animal or microbial®?, infestation by mites
is one of the main problems associated with grain sto-
rage®3* despite the tolerance determined by interna-
tional organizations be zero or close to zero in mite
infestation'!.

A study of Thind and Clarke found contamination
in 21% of samples of cereals and cereal products pur-
chased in retail stores in the United Kingdom, rising
to 38% after being stored for 6 weeks at the home of
volunteers. However, due to the limitation of the study,
it cannot be said that the products were infested during
the storage®.

Palyvos and collaborators, in a study conducted in
Greece, determined the species of mites that infested

grains like wheat, corn, oats and barley, manufactured
agricultural products, dried fruit and powder residue in
cooperatives, stores, silos and mills. A total of 55.5%
of the samples tested showed contamination by mites
of four orders and 15 distinct families. In the study,
Astigmata corresponded to 92.7% of the total of mi-
tes and theLepidoglyphus destructor was the dominant
species in all of the studied sites studied''.

In the Czech Republic, in a study by Stejskal and
Hubert, mites constitute the largest group of plagues
collected in units of grain storage, more than insects.
The most abundant species were Acarus siro, Acarus
farris (Oudemans), Tyrophagus putrescentiae € Lepi-
doglyphus destructor. The study suggests that mites
are the most important source of allergens in stored
grains and that the control, as a prevention strategy, is
still neglected in many countries™.

A study performed in New Zealand by Cotter and
collaborators evaluated samples of products derived
from grain purchased in shops and gathered in homes.
The study didn’t find the presence of mites in the sam-
ples of products purchased in stores, but four samples
of products obtained in houses showed mites represen-
ting 7.4% of the total. The four samples that had mites
were stored in cabinets for over a month, indicating
that storing flour for long periods increases the risk of
contamination and that the ideal to prevent contamina-
tion would be to store it in the fridge®’.

Under favorable conditions of humidity, temperatu-
re, type of deposit, storage time'* and type of product
stored*, mites can multiply reaching high densities and
cause direct or indirect harm to human beings. Usua-
Ily, mites of stored products infest products containing
large amounts of starch (compound of carbohydrates
in plants), or glycogen (which is the compound of
storage of carbohydrates in fungi and bacteria)®*%*. In
grains, for example, they use starch as the main power
source, degrading it into glucose by the combined ac-
tion of o-amylases and a-glucosidase®. Some studies
have shown that the enzymatic activity of o-amyla-
se and o-glucosidase is present in distinct species of
storage mites and that they are able to utilize starch,
amylopectin and a-glycosides to obtain energy from
grains? 3840,

For having the ability to feed on starch, mites of sto-
red products can destroy the germ of grains decreasing
their quality". Not only the sanitary quality, but also
the nutritional composition of grains is compromised
especially in relation to B vitamins and iron'>. Besi-
des the sanitary and nutritional loss, mites may cause
loss in quantity (weight) in some cereals. In wheat for
example, when a large infestation by mites occur, they
attack the endosperm and germ of the grain and they
feed on starch, reducing the weight of the grain''.

Another change in stored products caused by the
activity of these arthropods is the quite characteris-
tic odor observed in storage units that is caused by
the secretion of lipids by mites'’. In agriculture they
also have importance because they attack the embryo

Mites and the implications on human
health

Nutr Hosp. 2015;31(2):944-951 947



of some grains causing a significant reduction in the
stock of seeds and their germination power!*.

In humans, inhalation, ingestion or contact with live
or dead mites, byproducts of metabolism or feces can
cause damage to human health, for example, respi-
ratory diseases such as asthma, allergic rhinitis, con-
junctivitis'!, as well as contact dermatitis'®, episodes
of anaphylaxis* and acute enteritis by the ingestion of
food contaminated by fungi and bacteria that the mites
may be vectors'"'6, However, a study by Hubert and
collaborators suggests that 95% of mite allergens are
associated with faecal particles related to the digestion
processof the mite*!.

Anaphylactic reactions induced by food infested
with mites are being increasingly reported, especially
in countries where the climatic conditions are favorable
for their proliferation*. In 1993, Erben and collabora-
tors observed the first case of systemic anaphylaxis by
ingestion of food infested by mites*?. Years later, a study
reported a case of a group of patients who developed
generalized allergic reactions after ingestion of foods
containing large amounts of mites*> In Brazil, a case re-
port of anaphylaxis by ingestion of cornmeal infested
by mites was documented*. There was also reported
a case by Blomia freemani Hughes of anaphylaxis by
ingestion of contaminated pancake flour*. A study of
Posthumus and collaborator estimated the incidence of
anaphylaxis in around 0.5 to 2%, mostly by the inges-
tion of cereals (especially wheat) contaminated by mites
and their allergens. The study verified that episodes of
anaphylaxis usually occur in patients with allergic rhi-
nitis or asthma, who sensitized to dust mites, develop
allergic reactions, mediated or not by IgE after eating
wheat flour contaminated by storage mites*.

Sensitization to mites of stored products is more
common in rural areas and among workers in the grain
storage units, bakeries and supermarkets by exposure
to mites, and it has been suggested as an occupatio-
nal disease!0474849.5051 There has been reported the in-
crease in cases of asthma and allergic rhinitis in fruit
farmers and people living near the orchards of citrus,
apple and pear*®523* contact dermatitis in farmers that
grow hop® and gardeners who grow pepper**.Howe-
ver, the occurrence of occupational allergy in urban
areas among workers in bakeries and supermarkets has
also been reported. A study of Storaas and collabora-
tors found that storage mites were responsible for 20%
of cases of sensitization of allergic rhinitis in bakery
workers™®. Another study reported that of a supermar-
ket employee that got hives and dermatitis through
pork meat, especially ham, infested by Tyrophagus pu-
trescentiae in her workplace?’.

Tyrophagus putrescentiaeis prevalent in hot and hu-
mid climates®. It causes serious economic damages**
as well as the reduction of the nutritional content and
of the germination capacity of the seeds'. It is found
in a wide variety of food of high protein and lipid con-
tent!® as, for example, cheese, bacon, egg powder, pea-
nut flour’>73% In Spain it has a great economic impor-

tance, because it feeds on the superficial layer of the
typical Spanish cured ham>**, where the humidity and
the heat are essential for the maturation process of the
product’®. In Brazil there was reported the presence of
Tyrophagus putrescentiae in soybean crops in Minas
Gerais® and samples of rice and beans sold in bulk in
supermarkets in Sdo Paulo®'.

When theTyrophagus putrescentiae mite is ingested
through contaminated food, inhaled or handled it can
cause diarrhea, urinary tract problems, acute enteritis
and allergic reactions®’*®. There has also been repor-
ted a case of systemic anaphylaxis by the ingestion of
food contaminated with the Tyrophagus putrescentiae
mite’*®. It can also carry spores of bacteria and fun-
gi such as Aspergillusspp.andPenicilliumspp >>>7, A
study of Franzolin and collaborators demonstrated that
the presence of Aspergillus flavus contributed to the
growth of theTyrophagus putrescentiae mite, which
has helped to disperse the spores of fungi in samples
from uncontaminated corn®.

A study that assessed the prevalence of sensitization
by Tyrophagus putrescentiae showed that it is higher
in elderly subjects compared to young adults, espe-
cially in people with chronic obstructive pulmonary
disease (COPD) when the prevalence reached 45.8%
of the studied population® and that the allergenic of
the Tyrophagus putrescentiae mite induces histamine
release in more than 50% of sensitized individuals®.

Acarus siro is a common species in stored grain,
with great development in hot and humid climates'®
and high activity of starch digestion®. But there was
also reported in high concentrations in cheese sto-
red in refrigeration rooms''. In Spain, there has also
been demonstrated the infestation of Cabrales cheese
byTyrophagus neiswanderiJohnston & Bruce e Aca-
rusfarris®.

Regarding to sensitization, Pytelkova and collabora-
tors found that the Acarus siro is potentially allergenic
and there can happen cross-sensitization with house
dust mites. In this study, the amino acid sequences of
the Acarus sirowith the Dermatophagoides pteronys-
sinusmite showed 66% of comparability®. Another
study showed that through the skin test 14% of thes-
ensitized patients to housedust mites were sensitized
by the storage mite Thyreophagus entomophagus (La-
boulbene) concomitantly®’. A study of Morales and
collaborators found that both mites of Pyroglyphidae
group as of Glycyphagoidea group had a similar pro-
tein sequence;however the enzymatic properties of
each species differ significantly from the activity of
the proteases®.

Aleuroglyphus ovatus (Troupeau) is also found
especially in warm climates, in foods such as wheat
grain and its derivatives and preparations with chic-
ken, as well as in dust of storage units, lairs of rodents,
chicken coops and barns®. Aleuroglyphus ovatus like
Acarus siro, presents great activity on starch digestion
and perhaps that is why these two species infest gra-
ins and cereals that are one of the major sources of
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starch®. A study that evaluated the immunogenic sites
of Aleuroglyphusovatussuggested that both the inhala-
tion as the contact with mites, and eggs as feces would
be immunogenic®. In humans, it is associated to res-
piratory and contact dermatitis especially in the grain
industry workers®,

Solomon found in his work that there is competition
between species of mites of stored products, and when
the population of primary mites grows a lot, it offers
food for the secondary mites (which are predatory mi-
tes), rising up to almost eliminate the preyed popula-
tion. In the study he noted that from January to April
appeared the predators due to the seasonal increase of
summer of the Tyrophagus putrescentiae species. Ac-
cording to him, this is a natural and biological sequen-
ce of species of mites that infest grains®.

A study of Hubert and collaborators evaluated the
growth of mites in wheat (Triticum aestivum L.) which
naturally possesses an inhibitor of oi-amylase which
protects the grain from attack by arthropods. The
study suggests that the quality of the grain is known
by affecting the growth of mite populations and that
the inhibitory effect of o-amylase on the population
density of mites depends on the stored grain, on the
species of mites and on the combination of these two
factors thus affecting the growth dynamics of mites®.
A previous study evaluated the use of bean (Phaseou-
lus vulgaris L.) in the controlling of storage mites and
in domestic dust, since its use appears to suppress the
growth of mites. However, some people have food
allergy to beans, turning unfeasible its commercial and
in large-scale usage™.

Measures of control of stored products mites

The main physical agents that determine the quality
of the stored products are air humidity and temperatu-
re®. So, it is essential that there is a better control of
these variables in the grain storage units because of
the sanitary importance that the contaminated by mites
represents to humans®!. Foods that have a high water
content are more difficult to control and should be
monitored more frequently*. The Brazilian law states
that the maximum moisture for flour, cereal starch and
bran (15%), potato starch (21%) and manioc starch
(18%) ™.

Poorly maintained facilities and the lack of preven-
tive hygiene measures before storage of products can
be considered the main reasons for the high presence
of mites in theseenvironments''. Therefore, change in
the physical factors is a simple and environmentally
safe method for controlling infestations of mites on
stored food*.

For consumers it is recommended to observe the
conditions of hygiene of places of commercialization,
as well as to store the grain for a maximum of six mon-
ths in closed containers in a cool, dry place. And if
possible, the grains should be kept in refrigerator (0°C

to 7°C), with humidity not exceeding 12%. The gra-
ins should be washed in running water, and the acts
of “choose” and sift the grains can spread the mites
through the environment®'.

The studies on changes in quality, nutritional com-
position of food infested by mites and implications on
human health are still limited, especially those concer-
ning the nutritional composition. As mites of stored
products use starch as an energy source there is loss
of quality and nutritional composition, but would it
be of utmost importance estimate the loss in order to
develop more specific techniques and mechanisms of
control. Mites can cause serious implications to human
health, but the mechanisms of how this occurs are not
well established yet, mainly by the wide variety of spe-
cies and by cross reaction that seems to exist among
some species.

Conclusion

Mites of house dust and of stored product, at some
point in evolution, have suffered adaptations so that
the colonization of human installations and of sto-
red products would be possible. The activity of mites
causes loss of sanitary quality, weight and nutritional
composition of the infested products, with great eco-
nomic loss in the grain industry. The inhalation, con-
tact or ingestion of mites, byproducts of metabolism
and mite feces can sensitize susceptible individuals
and cause asthma, allergic rhinitis, contact dermatitis,
enteritis and lead to anaphylaxis when a large quantity
of food infested by mites is ingested. It is, therefore, a
serious public health problem.

The prevalence of food allergies has increased subs-
tantially in the last years and it is necessary to elucida-
te whether the allergens involved in sensitization are
from the food itself or from mites that are present in
these foods. The discovery that some mite allergens
are enzymes could help to explain the rapid onset of
symptoms after the ingestion of large amounts of aller-
gens present in food; however, more studies are nee-
ded to clarify these relations. Furthermore, the study
about alterations in the quality, nutritional composition
of food infested by mites and implications for human
health are still limited, especially those concerning the
nutritional composition.

References

1. Lack G. Epidemiologic risks for food allergy. J Allergy Clin
Immunol 2008; 121: 1331-6.

2. Martin ISM. Herramienta de educaciénnutricional para alergi-
cos a huevo y proteina de leche de vaca de edadpedidtrica. Nutr
Hosp 2014; 29(5): 1062-9. DOI: 10.3305/nh.2014.29.5.7215.

3. Platts-Mills TA, Vaughan JW, Carter MC, Woodfolk JA. The
role of intervention in established allergy: avoidance of indoor
allergens in the treatment of chronic allergic disease. J Allergy
Clin Immunol 2000; 106:787-804.

Mites and the implications on human
health

Nutr Hosp. 2015;31(2):944-951 949



10.

11.

12.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

950

Platts-Mills TA. The future of allergy and clinical immunology
lies in evaluation, treatment, and research on allergic disease. J
Allergy Clin Immunol 2002; 110:565-6.

Cui Y. Structural biology of mite allergens. Mol Biol Rep 2013;
40: 681-6.DOI: 10.1007/s11033-012-2108-8.

Fernandez M. Quées la alergia a los alimentos? En: Zubeldia
IM, Baeza ML, Jauregui I, Senent C, Editores. Libro de Aler-
gias Alimentarias de la Fundacion BBVA. Espaiia. 2012. p.
215-22.

Elder BL, Morgan MS, Arlian LG. Effect of Stored Product
Mite Extracts on Human Dermal Microvascular Endothelial
Cells. J Med Entomol 2012 Nov; 49(6): 1411-8.
NIAID-sponsored expert panel, Boyce JA, Assa’ad A, Burks
AW, Jones SM, Sampson HA, et al. Guidelines for the diag-
nosis and management of food allergy in the United States:
Report of the NIAID-sponsored Expert Panel. J Allergy Clin
Immunol 2010; 126: S1-S58.

Nadchatram M. House dust mites, our intimate associates.
Trop Biomed 2005; 22(1): 23-37.

Arlian LG, Morgan MS. Biology, ecology, and prevalence of
dust mites. Immunol Allergy Clin North Am 2003 Aug; 23(3):
443-68.

Palyvos NE, Emmanouel NG, Saitanis CJ. Mites associated
with stored products in Greece. Exp Appl Acarol 2008; 44:
213-26. DOI: 10.1007/s10493-008-9145-y.

Arlian LG, Morgan MS, Vyszenski-Moher DL, Sharra D.
Cross-reactivity between storage and dust mites and between
mites and shrimp. Exp Appl Acarol 2009; 47: 159-72. DOI:
10.1007/s10493-008-9199-x.

Boquete M, Iraola V, Fernandez-Caldas E, Arenas Villaroel
L, Carballada FJ, Gonzalez de la Cuesta C, et al. House dust
mites species and allergen levels in Galicia, Spain: a cross-sec-
tional, multicenter, comparative study. J Investig Allergol Clin
Immunol 2006; 16: 169-76.

Sinha RN. Role of Acarina in the stored grain ecosystem. Rec
Advances Acarol 1979; 1: 263-72.

Krantz GW. Some mitesinjurius to farm-stored grain. J Econ
Entomol 1955; 48: 754-5.

Hughes AM. The mites of stored food and houses. Tech Bull
Minist Agric Fish Food 1976; 9: 1-400.

OConnor BM. Evolutionary origins of astigmatid mites inha-
biting stored products. Rec Advances Acarol 1979; 1: 273-8.
Kniille W. Genetic Variability and Ecological Adaptability of
Hypopus Formation in a Stored Product Mite. Exp Appl Acarol
1987; 3: 21-32.

Corente CH, Kntille W. Trophic determinants of hypopus in-
duction in the stored-product mite Lepidoglyphus destructor
(Acari:Astigmata). Exp Appl Acarol 2003; 29: 89-107.
Klimov PB, OConnor B. Is Permanent Parasitism Reversi-
ble?—Ceritical Evidence from Early Evolution of House Dust
Mites. Syst Biol 2013; 0(0): 1-13. DOI: 10.1093/sysbio/
syt008.

Goldberg EE, Igi B. On phylogenetic tests of irreversible evo-
lution. Evolution 2008; 62(11): 2727-41. DOI: 10.1111/§.1558-
5646.2008.00505.x.

Dermauw W, Leeuwen TV, Vanholme B, Tirry L. The comple-
te mitochondrial genome of the house dust mite Dermatopha-
goides pteronyssinus(Trouessart): a novel gene arrangement
among arthropods. BMC Genomics 2009 Mar; 10(107): 1-20.
DOI: 10.1186/1471-2164-10-107.

Tang JC, Wong SF, Mak JW, Ho TM. Antigenic profile of
Blomia tropicalis, Aleuroglyphus ovatus and Glycycometus
malaysiensis. Trop Biomed 2011; 28(2): 223-36.
Sanchéz-Borges M, Sudrez-Chacén R, Capriles-Hulett A, Ca-
ballero-Fonseca F. An update on oral anaphylaxis from mite
ingestion. Ann Allergy Asthma Immunol 2005; 94: 216-21.
Morales M, Iraola V, Leonor JR, Carnés J. Enzymatic Acti-
vity of Allergenic House Dust and Storage Mite Extracts.
J Med Entomol 2013; 50(1): 147-54. DOL: http:/ / dx.doi.
org/10.1603/ME12154.

Stewart GA. Dust mite allergens. Clin Rev Allergy Immunol
1995; 13: 135-50.

Morgan MS, Arlian LG. Enzymatic Activity in Extracts of

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Allergy-Causing AstigmatidMlites. J Med Entomol 2006;
43(6): 1200-7.

Arlian LG, Morgan MS, Peterson KT. House dust and storage
mite extracts influence skin keratinocyte and fibroblast func-
tion. Int Arch Allergy Immunol 2008; 145: 33-42.

Mariana A, Ho TM, Sofian-Azirun M, Wong AL. House dust
mite fauna in the Klang Valley, Malaysia. Southeast Asian J
Trop Med Public Health 2000 Dec; 31(4): 712-21.
Flechtmann CHW. Acarosemprodutosarmazenados e napoei-
radomiciliar. Piracicaba: E.S.A. “L.Q.”; 1986.
Fernandez-Caldas E, Iraola V, Carnés J. Molecular and Bio-
chemical Properties of Storage Mites (Except Blomia species).
Protein Pept Lett 2007 Oct; 14(10): 954-9.

Koruni¢ Z. Allergenic components of stored agro products. Arh
Hig Rada Toksikol 2001 Mar; 52(1): 43-8.

Sanchéz-Ramos I, Alvarez-Alfageme F, Castafiera P. Effects
of relative humidity on development, fecundity and survival of
three storage mites. Exp Appl Acarol 2007; 41: 87-100. DOI:
10.1007/s10493-007-9052-7.

Zdarkova E. Stored product acarology. In: Dusbabek F, Buk-
va V (eds). Modern acarology. Academia Prague, 1991. p.
211-218.

Thind BB, Clarke PG. The occurrence of mites in cereal-ba-
sed foods destinedfor human consumption and possible con-
sequences of infestation. Exp Appl Acarol 2001; 25: 203-15.
Stejskal V, Hubert J. Risk of occupational allergy to stored
grain arthropods and false pest-risk perception in Czech grain
stores. Ann Agric Environ Med 2008 Jun; 15(1): 29-35.

Cotter M, Siebers R, Pike A, Fitzharris P, Crane J. Storage Mi-
tes in Flour Samples in Wellington, New Zealand. J Investig
Allergol Clin Immunol 2011; 21(5): 410-1.

Hubert J, Nesvorna M, Erban T. Growth-suppressive effect of
the a-amylase inhibitor of Triticum aestivumon stored-product
mites varies by the species and type of diet. Exp Appl Acarol
2014; 62: 57-65.DOI: 10.1007/5s10493-013-9718-2.

Ball SG, Morell MK. From bacterial glycogen to starch: un-
derstanding the biogenesis of the plant starch granule. Annu
Rev Plant Biol 2003; 54: 207-33.

Erban T, Erbanova M, Nesvorna M, Hubert J. The impor-
tance of starch and sucrose digestion in nutritive biology of
synanthropic acaridid mites: a-amylases and o-glucosidades
are suitable targets for inhibitorbased strategies of mite control.
Arch Insect Biochem Physiol 2009 Jul; 71(3): 139-58. DOIL:
10.1002/arch.20312.

Hubert J, Stejskal V, Munzbergovd Z, Kubdtovd A, Vdnovd M,
Zd’drkovd E.Mites and fungi in heavily infested stores in the
Czech Republic. J Econ Entomol 2004 Dec; 97(6): 2144-53.
Erben AM, Rodriguez JL, McCullough J, Ownby DR. Ana-
phylaxis after ingestion of beignets contaminated with Derma-
tophagoides farinae. J Allergy Clinlmmunol 1993 Dec; 92(6):
846-9.

Castillo S, Sanchéz-Borges M, Capriles A, Sudrez-Chacon R,
Caballero F, Fernandez-Caldas E. Systemic anaphylaxis after
ingestion of mite-contaminated flour. J Allergy Clinlmmunol
1995; 95: 304.

Guerra Bernd LA, Arruda LK, Barros Antunes HB. Oral ana-
phylaxis to mites. Allergy 2001 Jan; 56(1): 83—4.

Wen DC, Shyur SD, Ho CM, Chiang YC, Huang LH, Lin MT,
et al. Systemic anaphylaxis after the ingestion of pancake con-
taminated with the storage mite Blomia freemani. Ann Allergy
Asthma Immunol 2005 Dec; 95(6): 612-4.

Posthumus J, Borish L. A 71-year-old man with anaphylaxis
after eating grits. Allergy Asthma Proc 2012; 33(1): 110-3.
DOI: 10.2500/aap.2012.33.3476.

Estévez MD. Occupational contact urticaria-dermatitis by
Tyrophagus putrescentiae. Contact Dermatitis 2006 Nov;
55(5): 308-9.

Kim YK, Kim YY. Spider-mite allergy and asthma in fruit
growers. Curr Opin Allergy Clin Immunol 2002 Apr; 2 (2):
103-7.

Spiewak R, Gora A, Dutkiewicz J. Work-related skin symp-
toms and type I allergy among eastern-Polish farmers growing
hops and other crops. Ann Agric Environ Med 2001; 8(1): 51-6.

Nutr Hosp. 2015;31(2):944-951

Patricia Vogel et al.



50. Storaas T, Steinsvag SK, Florvaag E, Irgens A, Aasen TB. Oc- 61. Franzolin MR, Baggio D. Contaminagdo por dcaros em arroz
cupational rhinitis: diagnostic criteria, relation to lower airway polido e feijdo comercializados a granel. Rev Saude Publica
symptoms and IgE sensitization in bakery workers. Acta Oto- 2000 Fev; 34(1): 77-83.
laryngol 2005 Nov; 125(11): 1211-7. 62. Matsumoto T, Hisano T, Hamaguchi M, Miike T. Systemic

51. Koistinen T, Ruoppi P, Putus T, Pennanen S, Harju A, Nuutinen anaphylaxis after eating storage-mite-contaminated food. Int
J. Occupational sensitization to storage mites in the person- Arch Allergy Immunol 1996 Fev; 109(2): 197-200.
nel of a water-damaged grocery store. Int Arch Occup Environ 63. Lee CH, Sung BK, Lee HS. Acaricidal activity of fennel seed
Health 2006 Aug; 79(7): 602-6. DOI: 10.1007/s00420-006- oils and their main components against Tyrophagus putres-
0097-4. centiae, a stored-food mite. J Stored Prod Res 2006; 42: 8-14.

52. Kim SH, Kim YK, Lee MH, Hong SC, Bae JM, Min KU, et al. DOI: 10.1016/j.jspr.2004.10.004.

Relationship between sensitization to citrus red mite (Panony- 64. Liao EC, Ho CM, Tsai JJ. Prevalence of Tyrophagus putres-
chus citri) and the prevalence of atopic diseases in adolescents centiae hypersensitivity in subjects over 70 years of age in a
living near citrus orchards. Clin Exp Allergy 2002 Jul; 32(7): veterans’ nursing home in Taiwan. Int Arch Allergy Immunol
1054-8. 20105 152 (4): 368-77. DOI: 10.1159/000288290.

53. Kim YK, Chang YS, Lee MH, Hong SC, Bae JM, Jee YK, et 65. Liao EC, Hsu EL, Tsai JJ, Ho CM. Immunologic characteriza-
al. Role of environmental exposure to spider mites in the sen- tion and allergenicity of recombinant Tyr p 3 allergen from the
sitization and the clinical manifestation of asthma and rhinitis storage mite Tyrophagus putrescentiae. Int Arch Allergy Immu-
in children and adolescents living in rural and urban areas. Clin nol 2009; 150 (1): 15-24. DOI: 10.1159/000210376.

Exp Allergy 2002 Sep; 32(9): 1305-9. 66. Pytelkovd J, Lepsik M, Sanda M, Talacko P, Mare3ov4 L, Ma-

54. Groenewoud GCM, de Graaf in ‘t Veld C, Van Oorschot-van re§ M. Enzymatic activity and immunoreactivity of Aca s 4,
Nes AJ, de Jong NW, Vermeulen AM, van Toorenenbergen an alpha-amylase allergen from the storage mite Acarus siro.
AW, et al. Prevalence of sensitization to the predatory mite BMC Biochem 2012 Jan; 13(3): 1-8. DOI: 10.1186/1471-2091-
Amblyseius cucumerisas a new occupational allergen in horti- 13-3.
culture. Allergy 2002 Jul; 57(7): 614-9. 67. Sanchez-Machin 1, Gonzalez-P Poza R, Iglesias-Souto J,

55. FranzolinMR, Ganbale W, Cuero RG, Correa B. Interaction Iraola V, Matheu V. Asthma and rhinitis by storage mites.
between toxigenic Aspergillus flavus Link and mites (Tyropha- Allergy 2011 Dec; 66(12): 1615-6. DOIL: 10.1111/j.1398-
gus putrescentiae Schrank) on maize grains: effects on fungal 9995.2011.02687 .x.
growth and aflatoxin production. J Stored Prod Res 1999 Jul; 68. Geary MJ, Knihinicki DK, Halliday RB, Russell RC. Con-
35(3): 215-24. DOLI: 10.1016/S0022-474X(99)00006-5. tact dermatitis associated with the brown-legged mite, Aleu-

56. Sdnchez-Ramos I, Castafiera P. Acaricidal activity of natural roglyphus ovatus (Troupeau) (Acari: Acaridae), in Australia.
monoterpenes on Tyrophagus putrescentiae (Schrank), a mite Australian Entomological Society 2000; 39: 351-2.
of stored food. J Stored Prod Res 2001 Jan; 37(1): 93-101. 69. Solomon ME. Establishment, growth and decline of popula-

57. Jeon JH, Lee CH, Lee HS. Food protective effect of geraniol tions of the grain mite Acarus siro L., on a handful of wheat.
and its congeners against stored food mites. J Food Prot 2009 In: Proceedings of the 2nd International Congress of Acarology
Jul; 72(7): 1468-71. 1969; Suttam: p. 255-60.

58. Aygun O, Yaman M, Durmaz H. A survey on occurrence of 70. Hubert J, Stejskal V, Aspaly G, Miinzbergovd Z. Suppressi-
Tyrophagus putrescentiae (Acari: Acaridae) in Surk, a tradi- ve Potential of Bean (Phaseolus vulgaris) Flour Against Five
tional Turkish dairy product. J Food Eng 2007;78(3): 878-81. Species of Stored-Product Mites (Acari: Acarididae). J Econ
DOI: 10.1016/j.jfoodeng.2005.11.029. Entomol 2007; 100(2): 586-90.

59. Garcia N. Efforts to control mites on Iberian ham by physical 71. Agéncia Nacional de Vigilancia Sanitdria - ANVISA. Reso-
methods. Exp Appl Acarol 2004; 32(1-2):41-50. lugdo RDC n° 263 de 22 de setembro de 2005. Aprova o “Re-

60. Oliveira CM, Ndvia D, Frizzas MR. First record of Tyrophagus gulamento Técnico para produtos de cereais, amidos, farinhas e
putrescentiae (Schrank) (Acari: Acaridae) in soybean plants farelos”. 2005. [22 de setembro de 2005]. Disponivel em http://
under no tillage in Minas Gerais, Brazil. Ciéncia Rural 2007; portal.anvisa.gov.br/wps/wcm/connect/1ae52c0047457a-
37(3): 876-7. 718702d73fbc4c6735/RDC_263_2005.pdf?MOD=AJPERES.

Mites and the implications on human Nutr Hosp. 2015;31(2):944-951 951

health





