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ABSTRACT: In the world where technology is upcoming very fast with the production of
different chemicals such as acaricides, pesticides and etc., the real question is: Could essential
oils, spices and herbs serve as natural solutions in constant struggle against chemically resistant
drugs? The poultry red mite (Dermanyssus gallinae) is a growing epidemiological problem for
the poultry industry that causes losses in the performance of laying hens and consequently
major economic losses. It has been suggested that adding essential oils to laying hen diets may
be an efficient and natural alternative to chemical repellents and acaricides for D. gallinae.
Although some essential oils are effective repellents, their effectiveness usually lasts a short
time, which is likely related to their volatile nature. The exact mechanism of the acaricidal effect
of essential oils is not yet clear, but it is thought that some essential oils could inhibit D. gallinae
cytochrome P450 and thus reduce detoxification of xenobiotics. However, most D. gallinae
repellent activity appears to come from neurotoxic effects, blocking γ-aminobutyric acid
neurons and reducing the ability of cells in the nervous system to form cyclic adenosine 3′,5′monophosphate. To date, most studies have been conducted in vitro and there is a lack of
information on the effect of essential oils on laying hen performance under the challenge of D.
gallinae. The paper aims to review current knowledge of D. gallinae biology and the possibilities
and significance of inclusion of selected essential oils into laying hens diet as a natural repellent
of hematophagous predator.
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INTRODUCTION
Dermanyssus gallinae (De Geer, 1778) also known as a poultry red mite, poultry mite,
red mite or chicken mite, represents an important pest of poultry in worldwide
aviculture production. Poultry red mite can cause significant challenges regarding the
health and welfare of domestic poultry (Jansson et al., 2014; Puvača et al., 2018). Poultry
red mite stays hidden in cracks and crevices in the poultry house during the day and
comes out to feeding on the poultry at night. Mite infestations, in addition to being a
nuisance for humans and egg handlers, cause reductions in egg production, feed
conversion efficiency, body weight gains and may affect egg size (Nobo et al., 2012). The
use of chemical pesticides for mite treatment in the veterinary field is a problematic
challenge. Chemical applications can result in a multitude of problems, including mite
resistance, the ineffectiveness of active ingredients, undesirable residues in the
environment and unacceptable risks on nontarget organisms. Botanicals, so called
natural pesticides, represent an alternative control strategy (George et al., 2014; Puvača
et al., 2018), as reputedly phytochemicals are less harmful to the environment and
human health (Isman, 2006; Puvača et al., 2017).
The last three decades have seen substantial growth in aromatic plants product markets
across the world. Rapidly rising exports of medicinal plants during the past decade
attests to worldwide interest in these products as well as in traditional health systems.
According to the Secretariat of the Convention on Biological Diversity, global sales of
herbal products totalled an estimated 60 000 million $ in 2002 (WHO, 2003). A
consequence of red mite infestation in a layer is estimate for the cost of mite control and
production losses is 130 € million annually according the Mul (2013).
The paper aims to review current knowledge of D. gallinae biology and the possibilities
and significance of inclusion of selected essential oils into laying hens diets as a natural
repellent of hematophagous predator.
ECONOMIC ISSUES ON THE SUSTAINABILITY OF TABLE EGG PRODUCTION
AFFECTED BY D. gallinae
Economic losses from poultry mite infestation severely affect the productivity of the egg
industry. Recent surveys have confirmed the extremely high and increasing prevalence
of infestations with poultry red mites in Europe (Picture 1, Figure 1). In fact, the average
overall infestation rate of European layer houses is 83% (Mul, 2013).
Consequences of red mite infestation in a layer operation include primarily a negative
impact on feed conversion ratio, a drop in egg production, an increase in downgraded
eggs, a higher susceptibility to poultry diseases, and more dead animals. A still widely
quoted estimate for the cost of mite control and production losses is 130€ million
annually. Because this commonly used number was calculated in 2005, it
underestimates the cost of red mite infestation in Europe at the present time. First, the
laying hens population, estimated at 350 million heads in 2005 (Van Emous, 2005), has
increased significantly. In 2013–2014, the Statistics Division of the Food and
Agricultural Organization of the United Nations has estimated the number of layer
chickens in the 17 largest egg producing countries in Europe to be 431 million
(FOASTAT, 2016). Second, the high infestation rate in European farms has become an
increasingly important concern. Several European countries have recently reported
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prevalence rates of more than 90% (Mul, 2013), compared to 80% for the most affected
countries about a decade ago (Van Emous, 2005; Sparagano et al., 2009). Van Emous
(2005) estimated the impact of mite infestations on productivity to be 43€ per hen,
including 0.14€ for mite treatment as a direct costs, and 0.29€ for productivity losses as
an indirect costs.

Picture 1. Poultry red mite infection rate and loss per bird in Europe
(Mul, 2013; Kilpinen, 2005)
The estimation of the evolution of direct treatment costs is complex due to the changes
in the acaricidal treatments arsenal available to farmers in the past decades. Recently,
Van Emous (2017) estimated that the current total cost of red mite infestation is 0.60€
per hen per year in the Netherlands from which 0.15€ was for direct costs, and 0.45€
presented productivity losses, which represents an increase of about 40% compared to
2005 for the total cost of mite control per one layer hen. Overall, the damage caused by
mites in Europe is now estimated at about 231€ million (Van Emous, 2017). The same
research explained that this higher damage by the conversion of traditional cages to
alternative housing systems, the longer production life cycles of the animals, and the ban
of beak trimming, what is in accordance with the opinions of Puvača et al. (2018). Beside
economic damages, mite infestations cause major physiological damages in animals as
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well. According to studies, productivity losses can reach 0.57€ per hen per year in case
of moderate mite infestation and up to 2.50€ (Figure 1) in high infestations (Kilpinen,
2005).
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Figure 1. Economic losses in laying hens production influenced by poultry mites
(Kilpinen, 2005)
In Europe alone, the approximate total annual cost of red mite infestations totals 360€
million, with more than 300 million hens in all production types suffering from
infestations (Mozafar, 2014).
THE BIOLOGY AND THE VECTOR POTENTIAL OF D. gallinae
Dermanyssus gallinae is the most economically deleterious parasite of laying hens in
Europe and worldwide (Flochlay et al., 2017). It is a hematophagous ectoparasite of both
domestic and wild birds and is known to obtain its blood meal on a range of alternative
species, including man (Bruneau et al., 2002). Although not entirely species specific, D.
gallinae are seen most frequently in systems for laying hens. This is largely attributed to
the lengthy turnover of approximately 72 weeks, which provides time for large
populations to establish. The mite has a five stage life cycle: egg, larva, protonymph,
deutonymph and adult as shown in Picture 2 (Sparagano et al., 2014). Under favorable
conditions the life cycle can be completed within seven days, allowing for rapid
population growth.
Dermanyssus gallinae is described as a temporary parasite, since it is only found on the
host when feeding, with the majority of its life cycle spent concealed in cracks and
crevices of the poultry facilities. The adult female measures approximately 1 mm in
length and 0.4 mm in width, varying in color from grey to red (typically white or greyish
in color, becoming darker or redder when engorged with blood) depending on
engorgement. A study by Guy et al. (2004) confirmed the widespread prevalence of D.
gallinae in laying hens in the United Kingdom, with 87.5% of premises infested, and a
higher population in free range units compared to laying cage systems. It should be
noted that considerable variation in mite population was observed within housing
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systems, suggesting that there may be features of the housing environment which affect
the scale of D. gallinae infestation. Consequences of infestation by D. gallinae are severe
for both the welfare of the birds and economic sustainability (Puvača et al., 2018).

Picture 2. Development cycle of the poultry red mite (Sparagano et al., 2014)
As a result of feeding, mites can cause irritation, restlessness and either mild or severe
anemia, occasionally resulting in death. Behavioural observations have also shown
increases in cannibalistic feather pecking associated with D. gallinae infestation.
Production is affected through reduced growth rates, reduced egg production and
reduced egg quality such as poor shell integrity and blood staining (Puvača et al., 2017).
In a study of a caged housing system, mortality ranged from 1 to 4% on units due to the
parasitism by D. gallinae and egg production was reduced by 10% (Wojcik et al., 2000).
Similar results from another study of caged hens recorded a significant decrease in egg
production (95% to 75%) and an increase in mortality of 5% to 52% (Cosoroaba, 2001).
D. gallinae pose a threat in the spread of diseases, since they may act as a vector for a
number of pathogenic poultry infections (Chirico et al., 2003), both bacterial and viral.
These include St Louis encephalitis virus (Smith et al., 1946), Salmonella spp.,
(Čabarkapa et al., 2015) spirochaetosis, chicken pox, Newcastle disease, fowl typhoid,
fowl cholera, as well as agents of other animal diseases. A number of incidents of D.
gallinae parasitizing humans have been recorded, since humans come into contact with
the mite whilst working in the poultry houses. When bitten, symptoms in humans range
from minor irritation to skin lesions and dermatitis. However, the primary effect of D.
gallinae is as a direct pest, as an obligatory blood sucking parasite (Bruneau et al., 2001;
Chauve, 1998; Nordenfors et al., 1999; Puvača et al., 2018).
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CONTROL METHODS OF D. gallinae
Management tools are essential to keep D. gallinae infestations under control. To avoid
transmission of mites, poultry facilities should have a hygiene zone where personnel
change clothes and shoes before entering the poultry facilities. Between flock cycles, the
poultry house should be thoroughly washed and disinfected (George et al., 2014). All
possible hiding and resting places for D. gallinae should be sealed and those which
cannot be sealed must be carefully rinsed and vacuumed. Furthermore, there should be
an "all-in-all out” principle between flock cycles according to the research of Perricone
et al. (2015). Temperatures above 45°C are lethal to D. gallinae, so heat can effectively
be used in the poultry houses as a control method. When using heat treatment, the
temperature must be at least 55°C to reach high enough temperatures everywhere. Heat
is mainly used between rounds, when hens are present it could only be used selectively
in locations which are particularly exposed. According to Mul et al. (2009), heating in
combination with chemical treatment, is the most promising control method against D.
gallinae, but the research of Puvača et al. (2017) suggests that natural methods, with
medical plants and essential oils offer a strong alternative for the future when
considering D. gallinae resistance to chemical substances. Focus should primarily be to
clean the house between rounds when the house is empty of hens. However, if there are
problems during ongoing production cycle, treatment of the facilities is necessary to
ensure hens welfare.
THE ESSENTIAL OILS AS THE NATURAL REPELLENTS OF D. gallinae
The use of chemical pesticides for pest treatment in the veterinary field is a problematic
challenge. Chemical application can cause complications, including pest resistance, the
ineffectiveness of active ingredients, undesirable residues in the environment and
unacceptable risks on non-target organisms. Botanical pesticides offer a strong
alternative to chemical control (George et al., 2014) because phytochemicals are
reputedly less detrimental to the environment and human health (Isman, 2006) due to
their beneficial bioactive ingredients, antibacterial properties (Perricone et al., 2015) or
volatile constituents. According to Rajabpour et al. (2018), aquatic and ethanolic leaf
extracts of Conocarpus erectus had some toxic effects on D. gallinae but not Portulaca
oleracea and Pistacia atlantica extracts. Their findings have verified the results of earlier
investigation by Roy et al. (2014), who showed that extract of Terminalia chebula Retz.,
another tree belonging to the Combretaceae family, could be used as a botanical
acaricide against Oligonychus caffeae Nietner (Acari, Tetranychidae). In a similar study,
contact and fumigant toxicities of 40 oriental medicinal plant extracts against D. gallinae
were evaluated with different variations of acaricidal effects, but all of them were
positive with some promising for further investigations. A study by Camarda et al.
(2018) investigated the efficacy of neem oil against D. gallinae on a heavily infested
commercial laying hen farm. A novel formulation of 20% neem oil, diluted from a 2400
ppm azadirachtin concentrated stock, was administered by nebulization three times
per week. Using corrugated cardboard traps, mite density was monitored before, during
and after treatment and results were statistically analysed. The mite populations in the
treated block showed 94.6%, 99.6% and 99.8% reductions after the first, second and
third product administrations, respectively. The rate of reduction of the mite population
was significantly higher in the treated block compared with the control and buffer
blocks. The results suggest the strong bioactivity of neem against D. gallinae. The
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treatment was most effective after the 10 days following the first application and its
effects persisted for over 2 months. Tabari et al. (2017) explored the potential of
Artemisia sieberi essential oil against D. gallinae. The oil toxicity through contact and
fumigant assays on adult mites was evaluated in their study. The oil repellent activity
was assessed on adult mites over different time intervals. Lastly, the residual toxicity of
various doses of the oil was evaluated on D. gallinae until 14 days post treatment. Gas
chromatography (GC) and GC-MS showed that the oil was rich in α-thujone (31.5%), βthujone (11.9%), camphor (12.3%), and 1,8-cineole (10.1%). Contact toxicity on adult
mites showed 50% lethal concentration LC50, LC90, and LC99 of 15.8, 26.6, and 35.4
μg/cm3. Tabari et al. (2017) in fumigant assays have also shown that the oil was toxic on
D. gallinae, and mortality was significantly higher in open containers over closed ones,
underlining the key role of highly volatile constituents. Repellent assays showed that
after 24h from the treatment, all doses of the A. sieberi essential oil led to significant
repellent activity over the control. After 48h, all doses of A. sieberi essential oil tested led
to significant repellent activity compared to the control. The residual toxicity assays
showed that the time exposure and concentration tested had a significant impact on the
mite mortality after 1, 2, 5, and 7 days from the treatment. Notably, mortality remained
significantly higher over the control for 7 days after spraying with oil at 2%. The
resistance to conventional synthetic pesticides has been widely reported in D. gallinae in
different aviary systems. Barimani et al. (2016) assessed field efficacy of traps
containing carvacrol in the control and reduction of D. gallinae in laying hens farm. Two
different carvacrol-based formulations were tested for their toxicity and possible
repellent activity on D. gallinae to determine the most appropriate formulation and
concentration to be used in the field study. In vitro tests confirmed that 1% carvacrol
formulation with ethoxylated castor oil as emulsifier was significantly toxic to D. gallinae
without any dissuading effect in comparison to ethanol and higher concentrations of
carvacrol. A subsequent in vivo experiment in a cage system laying farm demonstrated
significant acaricidal activity for traps containing 1% carvacrol. Throughout the study,
untreated cardboard traps were used for monitoring mite populations. Carvacrolimpregnated traps were efficacious in the control of D. gallinae and led to over 92%
reduction in mite population after 2 weeks of application according to Barimani et al.
(2016). The toxic effects of carvacrol maintained through 2 weeks after the last
application of traps. According to George et al. (2008), managing D. gallinae by
conventional means such as synthetic acaricides has become increasingly problematic.
As a possible alternative, research has identified several plant essential oils that are
toxic to D. gallinae. However, essential oils are highly volatile and any acaricidal effect
they exert could be short-lived in practice (Tomičić et al., 2018). George et al. (2008)
investigated the short-lived toxicity of six lavender essential oils to D. gallinae. In sealed
Petri dishes, mites were exposed to filter papers impregnated with essential oils at a
concentration of 0.14mg/cm3. When filter papers were used immediately after
impregnation, 66-90% D. gallinae mortality was observed after 24h, depending upon the
essential oil used. If impregnated filter papers were left in a fume cupboard for 24h prior
to use, mortality rates of D. gallinae fell to 11% or less. The similar results were obtained
by Puvača et al. (2018) in their study which aimed to discover new ways to control D.
gallinae. One promising alternative method of control focuses on employing repellent
effects of selected essential oils against D. gallinae which have been examined by Puvača
et al. (2018) an in vitro experiment to investigate the repellent effects of thyme (Thymus
vulgaris L.), lavender (Lavandula angustifolia L.) and oregano (Origanum vulgare L.)
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essential oils on D. gallinae in controlled laboratory conditions. The best results were
observed for lavender essential oil (96% mortality after 72h) and thyme (82% mortality
after 72h) at a dose of 0.15 mg/cm3. In addition, thyme and lavender essential oils
showed significant persistent toxic effects 15 and 30 days post application to filter
papers. Thyme was the most effective (100% mortality at 72h), followed by lavender
(78% mortality after 72h). Results have shown that the thyme and lavender essential
oils exhibited promising results when tested in vitro for toxic and repellent effects
against D. gallinae. Beside D. gallinae, the northern fowl mite (Ornithonyssus sylviarum)
is also an ectoparasite that can lower egg production and cause anemia and even death
in laying hens. Birrenkott et al. (2000) have shown that 10% of garlic juice dilatation in
water is highly effective against this parasite as well as Ranjbar-Bahadori et al. (2014) in
their research with garlic against poultry red mite.
CONCLUSIONS
Summarizing the results obtained through multiple research projects using alternative
D. gallinae products, further confirms the possibility that essential oils may be useful in
control of this pest. This approach may be enhanced if essential oils were employed as
part of an integrated pest management approach. Thus, essential oils, spices, medicinal
plants and aromatic herbs offer an effective alternative to chemical acaricides, as well as
powerful growth promoters and natural instruments for improvement of the final
product (e.g. meat or eggs) for human consumption, as well in increase of economical
and profitable production. However, further investigation of their beneficial
mechanisms is still necessary in in vivo experiments.
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