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1.1. Introduction 

A parasite is an organism that is intimately connected with one or more hosts for deriving 

benefits (including food and reproduction) and that has detrimental effects on those hosts. 

Generally, parasites are divided into endo- and ectoparasites. Ectoparasites can be defined as 

external parasites that are connected with or live on the surface of their host, in contrast to 

endoparasites, which live in the interior of their host.  

Arthropod ectoparasites can be found on many kinds of organisms, from humans to domestic 

animals to wildlife (Roncalli, 1987; Willadsen, 1999). Many infestations cause less severe 

damage to the host tissues and do not require treatment, but some can cause serious disease, 

either directly damaging tissues, or indirectly, by transmitting microorganisms or encouraging 

secondary infection or by inducing an allergic reaction. Ectoparasites are a major cause of 

economic loss in livestock globally, due to reduced production and treatment costs (Bates, 2007; 

Fox, 1993; McLeod, 1995; Melancon, 1998; Nisbet et al., 2008; Wharton, 1993; Wikel, 1984). 

The costs for control and production loss of ticks and tick-borne diseases in cattle have been 

estimated at US $ 13.8-18.9 billion annually (de Castro, 1997) and sheep scab (ovine psoroptic 

mange) in the UK alone was estimated to account for losses of £78-202 million per annum 

(Nixon et al., 2020). As a consequence of the economic effects and the animal welfare impacts, 

it is important to control diseases caused by ectoparasites as a key priority. 

There are several mites of significant veterinary concern in cattle, namely Psoroptes ovis, 

Sarcoptes scabiei, Chorioptes spp. and Demodex bovis (Taylor et al., 2007), which can cause 

damage to the skin and subcutaneous tissue. Psoroptes ovis is one of the most important mite 

infestations in domestic livestock. This disease is highly contagious and causes significant 

economic losses. Firstly, P. ovis infestations cause impaired leather quality (Rehbein et al., 

2003). Secondly, P. ovis provokes an immunological response of the host which may lead to 

pruritus and inflammation and secondary bacterial infections. This may cause discomfort to 

the animal and reduce feed intake, which may lead to weight loss (Cole and Guillot, 1987; 

Fisher and Wright, 1981; Kirkwood, 1980, 1986). Thirdly, the farmers are compelled to 

routinely treat their animals to control this disease resulting in higher input costs (Dalton and 

Mulcahy, 2001). Although this mite species is arguably one of the most important ectoparasitic 

diseases in sheep (van den Broek and Burgess, 2013), particularly in the UK, the geographical 

spread in cattle is more restricted (Losson et al., 1999) except in Belgium (Minihan et al., 

2002). Surprisingly, the disease is highly prevalent in the Belgian Blue (BB) beef breed 
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compared with Holstein-Friesian dairy cattle (HF) (Bates, 1998; Losson et al., 1999; Pouplard 

et al., 1990; Sarre et al., 2015a). Outbreaks of psoroptic mange in some countries where P. ovis 

was previously eliminated often occur and spread rapidly by importing BB cattle (Jones et al., 

2014; Millar et al., 2011; Minihan et al., 2002; Mitchell et al., 2012).  

Currently, the reasons for the high susceptibility of P. ovis infestation in BB cattle compared 

with other breeds are still unclear. However, psoroptic mange is considered a multifactorial 

disease, in which farm management parameters (such as barn infrastructure, hygiene and 

antiparasitic treatments), environmental parameters (such as climate) and genetic parameters 

(host immune response) play a role (Sarre et al., 2012). Therefore, analysis of these parameters 

is essential in understanding the disease and its mediators. This introduction will present a brief 

overview of the P. ovis life cycle, epidemiology, host immune responses, pathogenesis, 

diagnosis, and treatment.  

1.2. Taxonomy of Psoroptes ovis 

P. ovis belongs to the Arthropoda, class Arachnida, subclass Acari, order Acari, and family 

Psoroptidae (Fig.1). Originally, the mite was described and named Sarcoptes ovis by Hering 

(Hering, 1838), but it was later classified to the genus Psoroptes by Gervais (Gervais, 1841). 

Following the initial description of Psoroptes spp. mites, as many as nine species were 

proposed, each distinguished from the others mainly by the different mammalian hosts they 

infest (Bates, 1999). However, because of the high degree of morphological similarity between 

the proposed Psoroptes species, in 1861 Furstenberg hypothesized that they were in fact the 

same species, Dermatokoptes communis (Bates, 1999). Megnin and Raillet changed the species 

name back to the genus Psoroptes with species names such as ovis or bovis appended in 1877 

(Robin and Mégnin, 1877) and 1893 (Railliet, 1893), respectively. Hirst split the genus into P. 

communis and P. natalensis from different species of hosts (Hirst, 1922). In 1958, Sweatman 

gave a detailed morphological taxonomy, which showed that there were five species of 

Psoroptes (P. cuniculi, P. cervinus, P. equi, P. ovis and P. natalensis), and produced a key, 

distinguishing between the putative species using the length of the outer opisthosomal setae of 

adult male mites (Sweatman, 1958). However, recent research demonstrated that the 

morphological classification is problematic for species identification (Wall and Kolbe, 2006). 

The application of a molecular biomarker (the internal transcribed spacer region (ITS) of the 

rRNA gene unit) demonstrated that P. cuniculi and P. equi (Wang et al., 2012) and P. cuniculi 

and P. natalensis (Jia et al., 2008) may be different species within the genus Psoroptes. In 

addition, the complete mitochondrial genome has also provided new insights into the 
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phylogenetic relationships among several major lineages of Acari species (Gu et al., 2014).  

However, a genetic study revealed no difference between P. cuniculi and P. ovis (Juan et al., 

2015). Hence, it was concluded that these are the same species. In order to clarify the taxonomy 

of Psoroptes, more useful markers, e.g. divergent regions of 28S rDNA, will provide great 

potential in the future studies (Zhao, et al., 2020). As technology has improved, genome 

sequencing could be a promising approach to further improve taxonomic classification of 

marker gene sequence reads. Recently, the draft genome assembly and gene prediction of the 

poultry red mite (Dermanyssus gallinae) (Burgess et al., 2018a), the european house dust mite 

(Dermatophagoides pteronyssinus) (Waldron et al., 2017) and P. ovis (Burgess et al., 2018b) 

were reported, which will facilitate comparative genomic analyses with other mite species.  

 

Figure 1. Taxonomy details for Psoroptes (Adapted from NCBI: txid83912). 

 

1.3. Life cycle of Psoroptes ovis 

P. ovis is a non-burrowing parasitic mite of sheep, cattle, goats and rabbits. The life cycle of P. 

ovis comprises 5 stages of development, the egg, larva, protonymph, tritonymph, and adult 

(Sanders et al., 2000). The mites spend their entire life cycle on the host (Fig. 2). Under optimal 

conditions, the life cycle takes 11 to 21 days from an egg till new eggs being produced by the 

adult females (Downing, 1936; Shilston, 1915; Sweatman, 1958; Wall et al., 1999). The eggs 

are laid close to the surface of the host skin by the gravid female, and take 2-3 days to hatch 

(Downing, 1936). Once hatched, the larva starts feeding immediately and feeds for 

approximately 2 days. During the moulting phase, lasting 12-48 hours, the larva does not feed 

and keeps all legs stretched forward beyond the body margin (Wall et al., 1999). Sexual 
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dimorphism can be observed in the nymphs, with the male protonymph being slightly larger 

than the female protonymph (Sanders et al., 2000; Sweatman, 1958). Tritonymphs are 

significantly larger than the protonymphs with the male nymph again being slightly larger than 

the female. However, adult females are significantly larger than adult males (Sanders et al., 

2000; Sweatman, 1958). Adult males are commonly paired with female tritonymphs or less 

frequently with female protonymphs, but copulation and insemination only takes place when 

the female has moulted to the adult stage (Guillot et al., 1983). Once insemination is completed, 

an adult female may lay 2-3 eggs per day. As adult females live for 11-42 days, they will have 

laid 40-90 eggs in their whole life (Downing, 1936; Kirkwood, 1986; Stockman and Berry, 

1913).  

 

Figure 2. Life cycle of Psoroptes ovis in cattle. Adapted from “Diagram of the life-cycle of Psoroptes 

ovis parasitic mite of sheep and cattle” (commons.wikimedia.org/wiki/File: Life-cycle-psoroptes-ovis-

mite-diagram.jpg) under Creative Commons License (CC-BY-SA-3.0). 

 

1.4. Epidemiology of Psoroptes ovis 

P. ovis is responsible for mange in many domestic animals, including sheep, goats, camelids, 

rabbits and cattle (Taylor et al., 2007). It is highly contagious and mainly spreads through direct 

skin contact. However, indirect transmission via the environment or fomites is also possible 

(Mitchell et al., 2012). Although P. ovis mites are obligate parasites and do not reproduce off-
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host (Wilson et al., 1977), they can remain infective in the environment for up to 2 weeks 

(O'Brien et al., 1994), providing a source of infestation on fomites such as fence posts, tool, 

work wear, gates and farm machinery. In addition, experimental cross-transmission of P. ovis 

mites between different hosts has been successful, e.g. from sheep to goats, cattle and rabbits 

(Zahler et al., 2000). Natural transmission from sheep to cattle has also been found (Roberts 

and Meleney, 1971). Due to the various transmission routes, the prevalence data of P. ovis 

infestations in sheep and cattle remains at a high level in some countries. For example, a farm 

prevalence of 75% has been observed on BB beef farms in Flanders, Belgium (Sarre et al., 

2012). The scab prevalence in sheep in Great Britain was estimated to range from 7% to 20% 

(Bisdorff et al., 2006; Rose et al., 2009; Rose and Wall, 2012) and a prevalence of 14% was 

observed in Pakistan (Tasawar et al., 2007). 

Although infestation may occur at any time of the year, the winter months have a higher 

incidence of the disease (Bates, 1998). Subclinical carriers or lightly infested cattle are a major 

risk factor for introduction of the disease, as the mites seem to enter a latent phase throughout 

the summer season (Jones et al., 2014; Millar et al., 2011; Mitchell et al., 2012; Pouplard et al., 

1990). In sheep, the mites migrate to the ears, infra-orbital fossae, and the digital and orbital 

fossae during a latent phase, returning to the body when the conditions of temperature and 

humidity are suitable for them (Bates, 2012; Downing, 1936; Kirkwood, 1985). In cattle, the 

mites could be found at the base of the horns and the top of the head during the summer months, 

returning to the body during the winter season (Bussiéras, 1987) mentioned in Hora et al. (Hora 

et al., 2015). As a result, many people failed to recognise cases of psoroptic mange that 

occurred during a latent phase or the summer months.  

Notably, temperature and humidity affect the off-host survival time of mange mites. As an 

increasing global temperature will decrease mite survival time off host and duration of the 

housing period, especially the highest transmission period, climate change may have a negative 

effect on mange mite abundance and spread. However, the complex interactions among climate 

change, parasite population dynamics and diseases need further research (Morgan and Wall, 

2009).  

Psoroptic mange can be a threat for animals of any age or sex (O’Brien, 1999). However, there 

is a clear breed susceptibility (Bates, 1999; Losson et al., 1999). In sheep, different breeds have 

been attributed to the large differences in the progress and extent of P. ovis infections, with 

wool-type breeds being more susceptible to infestation (Bates, 2012; Fourie et al., 2002; Smith 

et al., 2001). In cattle, breed differences have also been suggested, with HF cattle considered 
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more resistant than BB cattle, which could be related to self-grooming, skin thickness and/or 

conformation (Lonneux et al., 1998a; Losson et al., 1999; Losson and Lonneux, 1996). 

Physiological differences in general, especially in skin structure and composition could 

influence the easiness by which mites can breach the skin (Sallovitz et al., 2002; Vercruysse et 

al., 2008). Given those hypotheses, breeding for host genetic resistance to P. ovis has been 

suggested (Losson, 2012). In addition, different individual responses within one breed have 

been described for sheep (Phythian et al., 2013) and have been suggested to exist in bovine 

practice (Sarre et al., 2012). Finally, management strategies, such as environment, feed, 

treatment and hygiene protocols could lead to a different clinical outcome on farm level 

(Minihan et al., 2002; Phythian et al., 2013; Wall, 2012).  

1.5. Immune response to Psoroptes ovis 

The healthy skin forms a protective barrier and defends the body from a variety of pathogens 

and physical and chemical insults. As the frontline of defence, the skin acts as an important, 

integrated immunological surveillance and response system. To achieve these functions, skin 

is formed from two main layers: the epidermis and the dermis (Fig. 3). The epidermis comprises 

the stratum corneum, the stratum granulosum, stratum spinosum, and stratum basale (Bird et 

al., 2018). The stratum corneum is the outermost layer of the epidermis, which consists of 

continually shed dead keratinocytes. Keratin, the most abundant protein in terminally 

differentiated keratinocytes, is responsible for protecting the skin. The next inner layer is the 

stratum granulosum, where keratinocytes migrating from the underlying stratum spinosum 

become known as granular cells. The stratum spinosum contains living keratinocytes which 

are the structural element of the epidermis. The stratum basale is the inner layer of the 

epidermis, containing basal cells which continually divide to form new keratinocytes and thus 

epidermis. The epidermis contains melanin pigment producing melanocytes, as well as 

Langerhans cells (LCs), the antigen presenting cells (APCs) that serve as the primary physical 

barrier against pathogens (Proksch et al., 2008). The dermis, below the epidermis, contains a 

network of collagen, fibroblasts, dendritic cells (DCs) and innate lymphoid cells, and hosts a 

dynamic immunologic environment (Nestle et al., 2009; Nguyen and Soulika, 2019).  

P. ovis mites feed mainly on lipids, lymph cells and red blood cells in sheep (Bates, 2012; 

Kirkwood, 1985) and cattle (Bates, 1998; Wright and Deloach, 1981). P. ovis mites deposit 

allergens in their faecal pellets, which cause skin irritation, allergic dermatitis and intense 

pruritus (Mathieson and Lehane, 2002). The cutaneous immune response developed by the host 

is a serious threat to the epidermal integrity (Van den Broek and Huntley, 2003). Clinical 
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observation has shown that P. ovis mites provoke cutaneous inflammation within hours of 

experimental infestation in sheep (Van den Broek et al., 2004), but the development of clinical 

signs in cattle only occurs at one week post infestation (Stromberg and Fisher, 1986). In the 

succeeding sections the dermal immune responses in sheep and cattle (Fig. 3), including innate 

and adaptive responses to P. ovis, will be reviewed. 

 

Figure 3. Proposed innate and adaptive immune response against Psoroptes ovis in sheep and cattle. 

Allergen deposition leads to the release of cytokines and chemokines and the activation of complement 

system (C), skin cell (Keratinocytes) and resident innate immune cells (Langerhans cells and dermal 

dendritic cells), stimulating downstream activation cascades. The cytokines and chemokines produced 

in response to this activation cascade act on the local endothelia through nuclear factor-B-mediated 

pathways to upregulate the expression of adhesion molecules, including selectin and intercellular 

adhesion molecule (ICAM), and direct the recruitment and migration of innate effector-cells (including 

eosinophils and neutrophils) into the infected site. Activated LCs and dermal DCs are carrying their 

specific antigen for presentation to naive and memory T cells. These events bias a Th2 type immune 

response, involving T-cells, B-cells and antibody production. A dashed arrow and a question mark (?) 

indicate mechanisms that remain unknown. Arrows (positive actions) and block arrows (negative 

actions) indicate a direct or indirect link between cells or molecules. APCs= antigen presenting cells; 

CD= cluster of differentiation; DCs= dendritic cells; LCs= Langerhans cells; ICAM= intercellular 

adhesion molecule. (Adapted from Bird et al., 2018). 

 

1.5.1. The innate response 

In spite of being the first line of defence against P. ovis mites, the critical role played by the 

innate immune system response against psoroptic mange remains poorly characterized in cattle. 

During the primary infestation with the P. ovis, the living mite deposits excretory/secretory (ES) 

products containing homologues of known house dust mite allergens (‘Der p 1’, ‘Der p 2’ and 
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‘Der p 3’) and other enzymes onto the outer layer of the host’s skin (Hamilton et al., 2003; 

Lynch et al., 1997; Thomas and Smith, 1998). ‘Pso o 1’ and ‘Pso o 3’ (homologues of the house 

dust mite allergens ‘Der p 1’ and ‘Der p 3’) could contribute to disrupting the skin barrier 

function by their proteolytic activity (Stoeckli et al., 2013). They are capable of cleaving 

intercellular tight junction, thus breaching the epidermis and increasing epithelial permeability 

(Wan et al., 2001; Wan et al., 1999; Wang, 2013). This digestion activity may enable mite 

antigens to enter the sub-epidermal layer and interact with APCs, leading to further allergic 

sensitisation (Burgess et al., 2010). 

An inflammatory response is induced through activation of the complement system and 

recruitment of circulating innate effector cells, which are attracted into the infected site so that 

the inflammatory response is maintained and reinforced (Murphy and Weaver, 2016). In 

humans, studies analysing skin biopsies in crusted scabies patients showed that an activated 

complement system may contribute to the early inflammatory responses in scabies (Roberts et 

al., 2005). Interestingly, a down-regulation of complement component 3 (C3) in sheep skin is 

observed after 3 hours P. ovis infestation, whilst the expression of C3 returns to pre-infestation 

after 24 hpi (Burgess et al., 2010). This is in accordance with a down-regulation of C3 in airway 

epithelial cells following exposure to house dust mite extract (Vroling et al., 2008). Although 

a repressed level of C3 expression is observed, the gene of the complement component 5a (C5a) 

receptor, involved in promotion of immune cell recruitment and inflammation, is up-regulated 

at 3 hpi and maintained until 24 hpi (Burgess et al., 2010). Furthermore, the house dust mite 

serine protease ‘Der p 3’ cleaves C3 and C5, causing the production of C3a and C5a (Maruo et 

al., 1997). Both C3a and C5a are pro-allergic and their generation can further activate DCs, 

eosinophils, neutrophils and mast cells that contribute to the Th2 immune response against 

infection (Arlian et al., 1994; Müller-Eberhard, 1988).  

Not only the complement system, but also Toll-like receptors (TLRs) on the surface of 

macrophage and DCs play a dominant role in pathogen antigen recognition and initiation of 

inflammation and immune responses. For example, on the skin of infected sheep, where mite 

antigens (such as ‘Pso o 2’, the homologue of ‘Der p 2’) and the bacterial lipopolysaccharide 

(LPS) are present, both molecules can be recognized by TLR-4 signalling complex together 

with the up-regulated, co-stimulatory molecule CD14. TLR-4 activates the transcription factors 

nuclear factor kappa-light-chain-enhancer of activated B cells (NF-B) and activator protein 1 

(AP-1), by up-regulating the adaptor protein myeloid differentiation primary response gene 88 

(Myd88) (Burgess et al., 2010; Burgess et al., 2011a). Subsequently, the adaptive immune 
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response driven by the early pro-inflammatory reaction to P. ovis infestation may follow 

(Burgess et al., 2010; Burgess et al., 2012b; Burgess et al., 2011a). This has also been described 

in helminth infections (Kerepesi et al., 2007). 

Beside the increased expression of cyclooxygenase 2 (COX-2) or prostaglandin-endoperoxide 

synthase 2 (PTGS2), several up-regulated pro-inflammatory cytokines are thought to be 

controlled by the NF-B activation pathway following exposure to P. ovis, such as tumor 

necrosis factor  (TNF), interleukin (IL)-1, IL-6, and IL-8 (Burgess et al., 2010; Burgess et 

al., 2011a). IL-1 is produced by keratinocytes, which can upregulate the expression of a 

number of pro-inflammatory chemokines in response to skin infection or damage (Debets et 

al., 1995; Dinarello and Wolff, 1993). Production of IL-6 by keratinocytes induces not only 

acute phase protein synthesis but also T-cell activation, B cell Ig production and proliferation 

of keratinocytes, resulting in the typical hyperkeratotic scabs (Arlian et al., 2003; Van den 

Broek and Huntley, 2003). Human monocytes and human airway-derived epithelial cells which 

are stimulated with the house dust mite allergen ‘Der p 1’ in vitro have a similar up-regulation 

of IL-6 (Kauffman et al., 2006; Lee et al., 2008). Together with IL-6, suppressor of cytokine 

signalling 3 (SOCS-3) is activated (Burgess et al., 2010), which has been associated with atopic 

dermatitis in humans as it regulates and maintains the onset of Th2-mediated allergic responses 

via the suppression of interferon (IFN)- production in keratinocytes (Albanesi et al., 2007; 

Seki et al., 2003).  

Together with TNF and complement fragments C3a and C5a, one of the important chemo-

attractant molecules, IL-8 secreted by keratinocytes, potentially leads to enhanced migration 

of neutrophils and eosinophils to the site of infestation with P. ovis, further exacerbating disease 

pathogenesis (Gouwy et al., 2004; Struyf et al., 2005). There are high amounts of IL-8 mRNA 

expression in in vitro ovine keratinocyte cultures within one hour after stimulation with whole 

mite extract (Watkins et al., 2009). Other chemo-attractants, such as chemokine (C-C) ligand 

2 (CCL-2) and chemokine (C-X-C) ligand 2 (CXCL-2) are also up-regulated within 3 hpi and 

mainly attract monocytes and neutrophils, respectively (Burgess et al., 2010). Combined with 

the complement fragments, these chemo-attractants and cytokines increase the expression of 

adhesion molecules, such as selectins, integrins and intercellular adhesion (ICAM) molecules 

on endothelial cells, potentially leading to immune cell extravasation of neutrophils, 

eosinophils and basophils to the site of skin damage (Burgess et al., 2010; Burgess et al., 2012b). 

In this way, those innate lymphoid cells perform an important bridging function during the first 

few days of an immune response, by both providing for innate defence and influencing the type 
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of adaptive response that follows.  

In P. ovis infested sheep and cattle, various innate immune cells are detected at inflammatory 

sites included neutrophils, eosinophils, mast cells, basophils and DCs. Neutrophils are typically 

the first cell type recruited to the skin and drive the initiation of inflammation during infection, 

and are implicated as mediators of tissue-destructive events in various inflammatory diseases 

(Hahn et al., 2016). In a histopathological study of sheep scab infestations, skin biopsies 

obtained from different lesion sites showed a more intense infiltration of neutrophils and more 

severe epidermal pathological changes at the advancing margin of the lesion than at the initial 

site of infestation. This was compatible with a higher concentration of mites and, therefore, 

mite products at the advancing margin are likely to elicit a more pronounced response over the 

course of infestation (Van den Broek et al., 2004). An in vitro study indicated that specific mite-

derived factors from the whole mite extract also directly increase the migration of eosinophils 

(Wildblood and Jones, 2007). Skin biopsy sections of infested sheep and cattle show an influx 

of eosinophils in the dermis (Sarre et al., 2015b; Van den Broek et al., 2004; Van den Broek et 

al., 2000). Those results demonstrate that the mite might be directly responsible for the 

attraction of eosinophils in infested tissues and it has been suggested that the effects of these 

immune cells are partly beneficial for mite survival as a food source (Wildblood and Jones, 

2007). An influx of mast cell and basophils has been detected in sheep with psoroptic mange 

(Van den Broek et al., 2004; Van den Broek et al., 2000), while mast cells number remained 

steady in cattle (Sarre et al., 2015b). This observation may reflect a significant difference in 

the cutaneous response of sheep and cattle to infestation. DCs are among the first skin antigen 

presenting cells to come into contact with antigens, migrate to draining lymph nodes and 

process the antigens for presentation to effector T cells. This results in differentiation and 

activation of T cells and provides a link between the innate and adaptive immune systems 

(Murphy and Weaver, 2016).  

1.5.2. The adaptive response 

When numbers of the pathogen evade or overwhelm the innate immune response, the adaptive 

immune response is initiated. During this period, specific immunological memory is also 

established by adaptive immune cells, which may provide lasting protection against reinfection. 

Both T- and B- cell-mediated adaptive immune responses are engaged in P. ovis mite 

infestations, which are helpful in eliminating the mite and setting up protective immunity. 

However, the relative importance of the different effector mechanisms, and the effective classes 

of antibody involved during the course of infestation, remains poorly understood. Higher 
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proliferation of peripheral blood mononuclear cells (PBMC) in susceptible compared to more 

resistant breeds in sheep was detected (Wildblood et al., 2005). However, similar increased in 

vitro peripheral blood lymphocyte reactivity towards mitogens and P. ovis antigen is 

documented in different cattle breeds, whilst it is associated with the severity of the lesion 

development (Lonneux et al., 1998a; Losson et al., 1988; Sarre et al., 2015b; Stromberg et al., 

1986). After a primary infestation in cattle, a significant increase of P. ovis antigen-specific 

lymphocyte activity was observed from 1wpi onwards and peaked at 6 wpi, and started to 

decline thereafter. These observations suggested that memory T-cells were occurring (Lonneux 

et al., 1998b; Losson et al., 1988; Pruett et al., 1986). After subsequent re-infestation, one study 

showed that the lymphocyte responsiveness was more pronounced and increased sooner, but it 

declined from 7 wpi onwards (Pruett et al., 1986). Contradictory results in another study 

showed that the cell responsiveness was less prominent and occurred later after challenge 

infestation, but it started to decline from 4 wpi (Losson et al., 1988). Nonetheless, if the mites 

are still on the skin surface of the host before the decline of lymphocytes reactivity, a chronic 

and long-term stress reaction may occur (Blutke et al., 2015; Pruett et al., 1986).  

T cells are the main players in cell-mediated immune responses. One of two different molecules, 

CD4 or CD8, can be expressed on the surface of naïve T cells, accordingly classified as CD4+ 

or CD8+ T cells (Molnar and Gair, 2015). In sheep, infiltration of CD4+ T cells and CD45RA+B- 

or naïve T-cells to P. ovis induced skin lesions has been demonstrated at 4 dpi (Van den Broek 

and Huntley, 2003). Increased CD8+ circulating T-cells was detected in susceptible sheep 

breeds, but not in resistant breeds (Wildblood et al., 2005). A significant increase in T-cell 

receptor  (TCR) bearing T cells was detected at 8 dpi (Van den Broek et al., 2005). 

Compared to the susceptible sheep breeds, more TCR T cells occurred in resistant breeds 

(Wildblood et al., 2005). In contrast to Wildblood et al., (2005), stronger PBMC + T cells 

were reported in pigs with crusted scabies than in pigs with ordinary scabies (Liu et al., 2014). 

Although the T-cell population was not subtyped in the skin lesions from cattle (Sarre et al., 

2015b), the number of T-cells was higher in infested animals than in un-infested animals. 

Although proliferation of peripheral + T cells was increased in infested BB and HF cattle in 

comparison with control animals in both breeds, there was no difference between the two 

breeds (Sarre et al., 2015b). Therefore, the authors hypothesize that + T cells may not be 

responsible for the high susceptibility of the BB cattle breed.  

Regulatory T cells (Treg) are thought to play a key role in immune responses, which are likely 

to suppress effector T- and B- cell function through releasing regulatory cytokines (such as IL-
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10), and can also have a direct cytotoxic effect on mast cells and eosinophils (Askenasy et al., 

2008; Veiga-Parga, 2016; Vignali et al., 2008). In sheep, Treg cell surface marker (i.e. cytotoxic 

T lymphocyte associated protein 4 (CTLA4)) is up-regulated in the infested skin as soon as 24 

hpi (Burgess et al., 2010). Additionally, an influx of forkhead-box protein P3 (Foxp3+) Treg 

cells in the sheep skin is detected following P. ovis infestation (McNeilly et al., 2010). Higher 

numbers of these regulatory T-cells have been demonstrated in a susceptible sheep breed 

(Wildblood et al., 2005). However, in cattle the regulatory cytokine IL-10 was up-regulated in 

both the BB and HF cattle breeds and was not significantly different between the two breeds 

(Sarre et al., 2015b). Although T cells were significantly upregulated in BB cattle following 

infection but not in HF cattle, the T-cell population was not subtyped (Sarre et al., 2015b). 

Therefore, the subtype and function of these T-cell populations should be further determined, 

to investigate whether the presence of these cells is responsible for different breed susceptibility. 

CD4+ (Th1, Th2, Th17 and Tregs) and CD8+ T cells secrete cytokines, chemokines, and other 

factors which could direct the immune responses against the parasite infestation. Among them, 

Th2 and Th17 cytokines have been described as being important in parasitic skin diseases. 

Generally, the production of Th2 cytokines is detected in hosts against ectoparasite infections 

(Lalli et al., 2004; Mounsey et al., 2015; Singh et al., 2014; Walton and Oprescu, 2013). The 

up-regulation of IL-4, IL-10 and IL-13 along with a lack of Th1 cytokines IFN- and IL-18 in 

infested sheep skin around 6 hpi suggests that the immune response against P. ovis infestation 

also evolves towards a Th2 type instead of a Th1 type (Burgess et al., 2010). Similarly, gene 

transcription analysis of skin biopsies from pigs with crusted scabies and cattle with P. ovis 

infestation revealed significantly increased transcription of IL-4, IL-5 and IL-13 (Mounsey et 

al., 2015; Sarre et al., 2015b). IL-17A is mainly secreted by Th17 cells but it is also released 

by other cell types such as  T-cells and CD8+ T-cells (McGeachy and Cua, 2008). Sarre et al. 

(2015) showed increased transcription of IL-17 in infested skin biopsies of BB cattle but not 

in HF cattle (Sarre et al., 2015b). Moreover, a largely similar cytokine pattern could be elicited 

when circulating PBMC from infested cattle were re-stimulated with P. ovis in vitro (Sarre et 

al., 2015b). Increased IL-17 and IL-23 production was also observed in T cells isolated from 

skin lesions of pigs with crusted scabies infestation (Liu et al., 2014; Mounsey et al., 2015). 

The presence of high levels of IL-17 in the skin has also been linked to delayed-type 

hypersensitivity in humans (Iwakura and Ishigame, 2006). The cutaneous mixed Th2/Th17 

profile that is observed in BB cattle could potentially be associated with a higher susceptibility 

and more severe clinical signs, as described in pigs with aggravating clinical signs of S. scabiei 
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and in allergic diseases in humans (Li et al., 2014; Liu et al., 2014; Mounsey et al., 2015). 

Along with the onset of this cell-mediated immune response, the humoral immune response is 

initiated, with specific antibodies produced by B cells in response to P. ovis infestations, such 

as immunoglobulin G (IgG), IgE and IgM (Bates, 2012; Pruett et al., 1986; Van den Broek et 

al., 2000; Van den Broek et al., 2003b). After a primary infestation, IgG antibodies were 

detected in cattle with P. ovis infestations at 1 wpi and maintained at a relatively constant level 

during 4 wpi (Lonneux and Losson, 1996; Lonneux et al., 1998b; Losson et al., 1999). In sheep, 

a significant increase of IgG was observed at 2 wpi, reaching a peak at 8-12 wpi (Bates, 1997; 

Nunn et al., 2011; Ochs et al., 2001; Van den Broek et al., 2003b). A significant rise in mean 

levels of IgM antibodies was detected at 7 wpi in sheep, but no increase in IgA level was 

observed (Van den Broek et al., 2003b). Furthermore, IgE antibody levels increased in infested 

cattle and sheep from 4 wpi (Losson et al., 1999) and 6 wpi (Van den Broek et al., 2000), 

respectively.  

Following a challenge infestation, a non-significant serum IgG level has been monitored in 

cattle (Fisher, 1983b). In sheep a rapid but moderate increase in IgG level has been reported 

after a challenge infestation (Van den Broek et al., 2003b). In addition, high levels of IgE have 

been documented in sheep from one week after re-infestation (Van den Broek et al., 2000). IgE 

antibodies were found to peak at 13 wpi, which might be partly responsible for the cutaneous 

pathology as they induce an IgE-mediated type 1 hypersensitivity reaction (Van den Broek et 

al., 2000). Therefore, the presence of IgE in re-infested cattle is suspected, since lesions rapidly 

occur, as in sheep (Stromberg and Fisher, 1986). Hence, a rapid increase in IgE in sheep and 

cattle during challenge infestation may be partly responsible for the rapid lesion appearance 

but could also contribute to protecting the host (Pruett et al., 1998; Stromberg and Fisher, 1986; 

Van den Broek et al., 2000). The interaction between these antibodies ingested by mites from 

the host skin and proteins in the mite gut could interfere with digestion and cause parasite death 

(Pettit et al., 2000). Also, these antibodies may neutralize the specific allergens in the P. ovis 

mite faecal pellets, thereby counteracting the host’s induction of allergic reactions (Nisbet and 

Huntley, 2006). The intradermal injection of P. ovis crude protein antigen in cattle confirms the 

presence of an IgE-driven type 1 hypersensitivity. As a result, an immediate swelling of the 

injection site can be detected after 15 minutes. A delayed skin response has been observed in 

infested more susceptible cattle (BB) only, even though the potential mechanism of this 

difference with the less susceptible HF breed remains unclear (Losson et al., 1988; Losson et 

al., 1999). An immediate and delayed response after intradermal challenge was also confirmed 
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in infested sheep, untypically characterized by the influx of eosinophils instead of mononuclear 

cells and neutrophils (Van den Broek and Huntley, 2003; Van den Broek et al., 2003a). This 

delayed influx of eosinophils is particularly noticeable in susceptible breeds, which has been 

shown in helminth infections as well (Meeusen, 1999). To further understand the humoral 

response in P. ovis mites it remains important to investigate the relationship between different 

antibody responses and their roles in protective immunity and in lesion development.  

1.6. Pathogenesis and clinical signs of psoroptic mange    

Psoroptic mange is an acute or chronic allergic dermatitis influenced by a number of factors 

such as the presence of mites, animal age, nutrition condition, previous infestation, climate, 

housing environment and the site of challenge (Mitchell et al., 2012; O’Brien, 1999; Pouplard 

et al., 1990; Stromberg et al., 1986). P. ovis is a non-burrowing ectoparasite, and is able to live 

on the skin surface by using its mouthparts (Blake et al., 1978). The mites obtain liquid food 

by abrading and scraping the epidermis instead of penetrating the host skin (Bates, 2012; Blake 

et al., 1978; Van den Broek and Huntley, 2003). P. ovis mites exploit mainly on serum exudates 

and proteins of the host for providing a food source (Bates, 1998; Kirkwood, 1985; Wright and 

Deloach, 1981). However, the damage in the epidermis during feeding is considered as 

promoting the hypersensitivity or allergic reaction in the host to control the mite infection 

(Bates, 2012; Stromberg and Fisher, 1986; Van den Broek et al., 2004; Van den Broek and 

Huntley, 2003). As the mite numbers and the lesion size increase, the exudate coagulates and 

dries to form a yellow scale and crust (Stromberg and Fisher, 1986; Taylor et al., 2007), while 

at the edges of the infestation exists the moist and inflamed skin called ‘active lesion’ 

(Kirkwood, 1986; Van den Broek and Huntley, 2003). Although the clinical signs observed in 

sheep and cattle are similar, the mites are detected mainly at the edges of the lesion in sheep 

and throughout the entire lesion in cattle (Bates, 1998; Kirkwood, 1986; Losson et al., 1999; 

Taylor et al., 2007).  

The progress of the disease can be divided into four phases: an initial phase, a rapid growth 

phase, a peak phase and a decline phase. The initial phase is characterised by low mite 

populations and the presence of small focal lesions that are considered as mild with no obvious 

clinical signs (Taylor et al., 2007; Van den Broek and Huntley, 2003). While erythematous skin 

can be noticed 1 hpi in sheep, it takes around one week for clinical signs to appear in cattle 

(Stoeckli, 2013; Stromberg and Fisher, 1986). Next, a rapid growth phase sets in with a sharp 

increase in mite numbers, lesions and specific antibodies (Bates, 1997). Lesions are mainly 

found at the withers, back, and the tail base (Fig. 4), but the infestation may extend to cover 
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most of the body in severe cases followed by a peak phase (Bates, 1998; Millar et al., 2011; 

Pouplard et al., 1990; Stromberg and Guillot, 1987). During this process, P. ovis is frequently 

associated with abscesses or pyoderma caused by secondary bacterial infections. In addition, 

substantial evidence indicates that other infectious diseases may be increased (e.g. pulmonary) 

due to the increased susceptibility (Bates, 1998; Stromberg and Guillot, 1987; Taylor et al., 

2007; Van den Broek and Huntley, 2003). Importantly, pruritus becomes more intense due to 

the host’s allergic and inflammatory reaction to the mites, leading to self-trauma behaviour, 

such as licking, scratching, rubbing and biting. Although these behaviours, to some extent, may 

offer short term relief, they cause hair loss, skin damage, even bleeding wounds as well (Bates, 

1998; Pouplard et al., 1990; Sargison, 1995; Van den Broek et al., 2000). Moreover, all these 

skin damages create a perfect living environment for mites, due to an exacerbated serum 

extravasation caused by an increasing local intradermal inflammation. This is an ideal 

environment for mites to survive and reproduction. The ideal environment will lead to a fast 

growth of the mite population and the clinical lesions (Losson and Lonneux, 1996; Stromberg 

and Fisher, 1986; Van den Broek and Huntley, 2003). Subsequently, a decline phase is initiated, 

which is characterised by a decrease in both the lesion size and mite numbers. Eventually, the 

regression phase begins, during which the clinical lesions heal and all mites are eliminated 

(Bates, 2012). A self-cure phenomenon from the disease is uncommon, but will depend on 

previous infestation, the virulence of the mites and the host age, species and breed (Bates, 2012, 

1997; Roberts and Meleney, 1971). For instance, natural recovery in HF cattle is more frequent 

compared to BB animals (Bates, 1998). On the other hand, infested animals with sub-clinical 

disease or minimal lesions may escape detection, in which they are clinically healthy but carry 

mites that can re-infest the animals (Bates, 2012; Van den Broek and Huntley, 2003). As this 

occurs chronic mange may appear on the host skin, together with high mite numbers, dry crusts 

or flakes, lichenified and hyperkeratotic skin (Bates, 1998; Pruett et al., 1986; Taylor et al., 

2007).  
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Figure 4. Dorsal view of a Belgian Blue cow infested with Psoroptes ovis. Typical clinical signs are 

alopecia, erythematous skin and yellow wet crusts.  

 

1.7. Diagnosis of Psoroptes ovis infestation      

It is not difficult to diagnose psoroptic mange because the clinical signs are indicative that 

animals are infested. Typically, the presence of grooming, licking, scratching, yellowish/moist 

crusts and erythematous skin at the withers, back and the tail base and secondary complications 

(hematomas or abscesses) can suggest the presence of P. ovis mites (Bates, 1998; Pouplard et 

al., 1990; Stromberg and Guillot, 1987). However, other mites (Chorioptes bovis, Sarcoptes 

scabiei, Demodex bovis) are also responsible for skin diseases in cattle (Taylor et al., 2007). In 

addition, mixed infestations are not uncommon in field conditions, such as mixed 

Psoroptes/Chorioptes infestations, which may complicate the implementation of control 

measures (Bates, 2012). Therefore, Psoroptes mites should be differentiated from other 

ectoparasites before a treatment application.   

Psoroptic mange can be confirmed by microscopic demonstration of P. ovis mites in skin 

scrapings taken from the skin surface at the periphery of active lesions with a scalpel (Pouplard 

et al., 1990; Taylor et al., 2007). The skin scrapings are briefly heated before observation and 

directly examined under the microscope (100). Microscopic examination (Fig. 5) will reveal 

the sharp mouthparts and the segmented pediculi and small pulvili, typical for P. ovis (Mitchell 

et al., 2012; Soulsby, 1982). However, subclinical or early infestations will escape routine 

examination to a great degree (Wells et al., 2012). A preliminary study by Bates (Bates, 2009) 



  Chapter 1 

 19 

found that there is only 18% probability to find mites in skin scrapings from subclinically 

infested carrier sheep by microscopic examination. Thus, there has been much interest in 

developing a precise detection method with higher sensitivity.  

 

Figure 5. The mouthpart (yellow arrow), pediculus (black arrow), pulvillus (red arrow), and egg (purple 

arrow) of a female P. ovis mite (100 magnification).  

 

An enzyme linked immunosorbent assay (ELISA) was developed to detect specific antibodies 

for diagnosis of sub-clinical infestation and disease (Fisher, 1983a). Almost exclusive cross-

reactivity between P. ovis and P. cuniculi could be indicated (Boyce and Brown, 1991), which 

led to an increase sensitivity of the bovine ELISA by using P. cuniculi instead of P. ovis antigen 

(Lonneux et al., 1996). More recently in sheep, the use of recombinant ‘Pso o 2’ as the 

diagnostic antigen reliably detected the presence of P. ovis in a natural outbreak or subclinical 

infestation (Burgess et al., 2012c; Hamer et al., 2019), and sensitivity and specificity were 

similar to those reported for the previous native antigen extract based assay (Nunn et al., 2011; 

Ochs et al., 2001). In addition, a novel diagnostic antigen for sheep scab based on P. ovis-Early 

Immunoreactive Protein-1 has comparable levels of sensitivity and specificity to the existing 

‘Pso o 2’ antigen (Burgess et al., 2020). Therefore, it is considered a powerful and improved 

diagnostic tool for sheep scab in a natural outbreak before clinical signs are evident (Busin et 

al., 2015). In cattle, the detection of specific antibodies as early as one week post infestation 

with very high titres were observed (Losson et al., 1999). However, the serum antibody was 

detected at the same time or slightly after the detection of P. ovis mites and lesions (Fisher, 
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1983b), which reduces the value of ELISA in the clinical application in cattle. Another 

disadvantage of this assay is that host antibodies may be present in previously infested but 

successfully treated animals for a prolonged period after treatment (3-6 months), potentially 

leading to false positives (Wells et al., 2012). However, one approach to identifying potential 

diagnostic markers of ectoparasitic disease is to gain a greater understanding of the global host 

response to infestation. For instances, the identification of key blood biomarkers, including 

haptoglobin, serum amyloid A, and complement 4 binding protein-beta, have already been used 

in diagnosing psoroptic scab in sheep (Wells et al., 2013a; Wells et al., 2013b). Although these 

biomarkers have only been used experimentally, they could provide a novel diagnostic test for 

the sheep and cattle industry in the future. 

1.8. Treatment and control of psoroptic mange  

1.8.1. Present treatment methods        

Although multiple attempts have been made for eradication, psoroptic mange of domestic 

livestock remains a persistent problem. Currently, four classes of compounds are available to 

treat psoroptic mange; organophosphates (such as diazinon and propetamphos), synthetic 

pyrethroids (flumethrin and cypermethrin), formamidines (amitraz) and macrocyclic lactones 

(ivermectin, doramectin and moxidectin) and they are used in one or several formulations, such 

as spraying, plunge dipping, injectable, and pour-on (Levin, 2013; Lewis, 1997; O'Brien et al., 

1996; O’Brien, 1999; Scott, 2015; Taylor et al., 2007; Van den Broek and Huntley, 2003). 

Dipping with diazinon is still used to treat sheep mange (Sargison et al., 2006), since the 

complete surface of the sheep skin comes in contact with treatments (Henderson, 1991). A 

duplicate topical treatment of amitraz or flumethrin with a 10 days interval has confirmed to 

be effective as a treatment for psoroptic mange in cattle (Guillot and Meleney, 1982; Guillot et 

al., 1983; Harrison and Palmer, 1981; Lonneux and Losson, 1992). A more efficient topical 

treatment is achieved by removing most of the crusts before treatment, ensuring treatment 

reaches the skin surface (Jones et al., 2014; Lonneux and Losson, 1996; Plant, 2006). Although 

many products may lead to considerable side effects and/or have an environmental toxicity, 

macrocyclic lactones (ML) are often used for psoroptic mange treatment. For instance, 

injectable ML products are recommended for treatment of psoroptic mange. In cattle, a single 

injection of different ML products at a dose of 0.2 milligram (mg)/ kilogram (kg) body weight 

(BW) led to the elimination of the infestation 2 to 4 weeks after treatment (Barth, 1980; Clymer 

et al., 1997; Guillot and Meleney, 1982; Lonneux et al., 1997; Lonneux and Losson, 1992; 

Pouplard and Detry, 1981; Wright and Guillot, 1984). Compared with cattle, a single ML 
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injection could not give complete control in sheep. A single injection of ivermectin (Bates and 

Groves, 1991) or doramectin at 200 g/kg (Bates et al., 1995) was less than 100% efficacious 

in sheep, but complete efficacy was reached by multiple treatments or with a controlled-release 

formulation (Forbes et al., 1999; Ortega-Mora et al., 1998; Sargison et al., 1995; Soll et al., 

1992). Oral ML products do not have a good efficacy and should be avoided to treat mange 

(Vercruysse and Rew, 2002). Although effective control has been shown in the past with a pour-

on formulation in cattle (Lonneux and Losson, 1996; Lonneux and Losson, 1992), pour-on ML 

products (at 0.5 mg/kg BW) are not recommended to use, as these have demonstrated to be less 

effective than injectable formulations against P. ovis mites (Lonneux et al., 1997; Millar et al., 

2011; Mitchell et al., 2012; Vercruysse and Rew, 2002). Large differences in plasma 

concentrations and percutaneous absorption of pour-on ML productions in different cattle 

breeds have been shown (Sallovitz et al., 2002). One possible explanation for the individual 

variability could be that substantial amounts of pour-on products are taken up orally through 

licking or grooming and that this may have a substantial impact on their antiparasitic activity, 

because the individual oral uptake and the drug exposure levels in the blood are highly variable 

(Bousquet-Mélou et al., 2011). Therefore, pour-on ML products may lead to highly variable 

exposure doses and some animals may be over- or under-exposed. This can lead to treatment 

failure on individual and herd level and can also stimulate mite to develop acaricide resistance 

(Bousquet-Mélou et al., 2011). For the treatment of adult dairy cattle, only eprinomectin pour-

on (0.5 mg/kg BW) and moxidectin pour-on (0.5 mg/kg BW) are registered. Moxidectin should 

preferentially be used, as eprinomectin officially has no claim for P. ovis (Barth et al., 1997; 

Mitchell et al., 2012; Taylor et al., 2007). 

Unfortunately, P. ovis mites can remain infective off the host or on subclinical carriers and 

therefore, products with no persistent efficacy, such as amitraz should be administered at least 

twice (Lekimme et al., 2006a). Moreover, the second treatment should be applied after the eggs 

hatch but before the mature stages, which makes an interval of 7 to 10 days ideal (Lekimme et 

al., 2006a; Lonneux and Losson, 1996; Taylor et al., 2007). MLs (such as ivermectin) do have 

a persistent efficacy in cattle, as they are slowly released from the fat deposit (Canga et al., 

2009). Originally, a single ML treatment was sufficient to treat psoroptic mange in cattle 

(Wright, 1990), but over time, repeated treatments were required (Genchi et al., 2008; 

Vercruysse and Rew, 2002). To avoid repeated treatment, the application of long acting (LA) 

formulations could be a better choice, in which a continuous and controlled release of drug is 

provided over time. However, the efficacy against psoroptic mange remains controversial. 
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While a single injection of ivermectin LA (3.15%) in cattle prevented establishment of induced 

infections until at least 8 weeks after treatment (Bridi et al., 2001), infested animals only 

became parasitologically negative 2 to 4 weeks after treatment (Blutke et al., 2015; Hamel et 

al., 2015; Rehbein et al., 2002). A single injection of moxidectin LA (10%) also gave different 

results: although one study showed that BB cattle remained mange free for 11 weeks (Losson 

et al., 2008), another study demonstrated that this strategy was not sufficient to control 

infestations in practice (Mitchell et al., 2012). These observations show that animals treated 

with ML products, including LA formulations, are still infected for several days post-treatment.  

1.8.2. Acaricide resistance 

Many farmers rely heavily on effective chemical control of psoroptic mange. However, over 

the years the frequent use of currently available drugs has resulted in the development of 

acaricide resistance in P. ovis mites (Clark et al., 1996; Coles, 1998; Doherty et al., 2018; Synge 

et al., 1995; Sturgess-Osborne et al., 2019; van Mol et al., 2020). In sheep, treatment failure 

with ML products in vivo (Coles, 1998) and in vitro (Doherty et al., 2018) has been reported in 

P. ovis. In cattle, treatment with ivermectin failed to eliminate P. ovis infestations (Lekimme et 

al., 2010; Lifschitz et al., 2018). P. ovis mites have also developed resistance against other 

acaricides, such as organophosphates (Henderson, 1991), pyrethroids (Synge et al., 1995), and 

propetamphos (Clark et al., 1996). In many cases, the mechanisms of acaricide resistance to a 

class of drugs are the same. For instance, organophosphates (such as diazinon) are driven by 

the inhibition of acetylcholinesterase (AChE), resulting in paralysis within the nervous system 

of arthropod species (Henderson, 1991). One mechanism of resistance to organophosphates is 

linked to an increase in transcription of AChE to neutralize its blockage by these drugs (Gao 

and zhu, 2002). Pyrethroids are also nerve toxins, but they work by interfering with sodium 

channels (Sattelle and Yamamoto, 1988). A reduction in sensitivity to pyrethroids through a 

genetic mutation in the target voltage-gated sodium channels genes causes tolerance to these 

drugs (Soderlund and Knipple, 2003). ML products target gamma-aminobutyric acid (GABA) 

and glutamate-gate chloride channels (GluCLs), resulting in an influx of chloride ions into cells, 

leading to paralysis and eventually death (Vercruysse and Rew, 2002). Therefore, many 

different kinds of mechanisms of resistance to ML products have been suggested. For example, 

one mechanism involves mutations of several genes encoding the channels they target (Njue 

and Prichard, 2004), while another is attributed to an increase in transcription of adenosine 

triphosphate (ATP)-binding cassette transporters, which are able to metabolise the drugs before 

they can exert a toxic effect on the parasite (James and Davey, 2009).  
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Moreover, certain drugs used for the treatment of ectoparasites have a wider spectrum of 

activity against multiple endoparasites in which selection for resistance is also a significant 

concern (Bartley et al., 2005; Sargison et al., 2005; Sargison et al., 2007). The increased number 

of recorded instances of ML resistance in gastrointestinal nematodes of sheep may be 

exacerbated by the use of ML for control of ectoparasites (Bartley et al., 2012; Domke et al., 

2011; McArthur et al., 2011; Sargison et al., 2001). As mange control is not fully successful 

anymore by using current acaricides and management methods there is a need to develop and 

consider novel mechanisms that can effectively control this disease.  

1.8.3. Prevention of psoroptic mange 

The prevention of health problems and disease is more important than treatment. Prevention 

pertains broadly to the avoidance or alleviation of problems associated with parasite infestation, 

with or without the use of chemicals. Routine management practices on a farm should be 

considered to control and/or prevent P. ovis infestations. All of these tasks must be completed 

according to their relevant statutory legislation in order to promote animal health and welfare 

on farm. First thing to remember, is that new animals purchased from other farms may be 

subclinical carriers. Once purchased animals arrive on the farm, they should be quarantined, 

i.e. the animals are placed in isolation without contact with the own herd for a sufficiently long 

period (Carty and Nisbet, 2011; Gorden and Plummer, 2010; Millar et al., 2011; Mitchell et al., 

2012; Phythian et al., 2013; Pouplard et al., 1990; Taylor et al., 2007). As mentioned above, 

direct contact between infested and susceptible animals is the most effective way to transmit 

the disease. Consequently, it is strongly advised to leave cleaned pens unoccupied before 

introducing new cattle, as this will kill any off-host mites (Bates, 2012). Although Bates (2012) 

recommends a period of 7 days to leave pens empty, 14 to 21 days is probably more advisable, 

keeping the duration of the mite’s life cycle and the off-host infectivity (2 weeks) in mind 

(Bates, 2012). Furthermore, general management, such as frequently cleaning pens and 

equipment could minimize the infestation from the environment (Losson and Lonneux, 1996; 

Mitchell et al., 2012; O’Brien, 1999; Pouplard and Detry, 1981). In addition, optimizing 

nutrition and quality of the feed shows beneficial effects on herd immunity for controlling 

infectious diseases (Minihan et al., 2002; Phythian et al., 2013; Sarre et al., 2012). Last but not 

least, brushes, both automated and fixed, are ideal for improving the welfare of cattle by 

removing parasites and old hair to relieve itching (Underwood et al., 2015; Velasquez-Munoz 

et al., 2019; Zobel et al., 2017). For example, twin brush systems (Fig. 6) are simple, but 

effective in controlling psoroptic mange (Wouter van Mol, personal communication).  
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Figure 6. Twin brush systems in a Belgian Blue cattle stable.  

 

1.8.4. Potential alternative control methods      

Until now, the control of ectoparasites has relied almost exclusively on chemotherapeutic 

interventions, but drug resistance in the target species and off-target effects have driven the 

need for alternative control methods in the future. Alternative methods for psoroptic mange 

control that have been investigated include natural substances, biological control agents 

(bacterial and fungi), vaccination and genetic breeding (Bates, 2012). 

1.8.4.1. Natural substances          

Essential oils are natural volatile compounds that exhibit strong odours and are produced as 

secondary metabolites by aromatic plants (Bakkali et al., 2008; Shaaban et al., 2012). They 

comprise complex mixtures of substances present in different concentrations, such as terpene 

and phenylpropanoid constituents. Their chemical diversity and high potential for bioactivity 

make them an ideal candidate for novel and natural alternatives to synthetic pesticides. Thus, 

essential oils have gained huge attention from scientists in various fields, including agriculture, 

veterinary/medical medicine and apiculture.  

In veterinary medicine, there is a growing body of evidence indicating the potential value of 

plant-derived products (e.g. essential oils) as control agents against a large number of arthropod 

ectoparasites, particularly lice, mites and ticks (Ellse and Wall, 2014). For instance, some 

essential oils, such as oregano oil, lavender, tea tree oil and neem oils, have been tested against 

S. scabiei and Psoroptes spp. and seem to have strong acaricidal efficacy in vitro by using 

contact and vapour exposure assays (Ellse and Wall, 2014; Fang et al., 2016; Macchioni et al., 

2006; Pasay et al., 2010; Seddiek et al., 2013; Shang et al., 2016; Shang et al., 2013; Wall and 
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Bates, 2011). Several essential oils were also tested in vivo against S. scabiei in rabbits, goats 

and pigs (Aboelhadid et al., 2016; Kebede and Negese, 2017; Mägi et al., 2006; Nong et al., 

2013a; Nong et al., 2013b), against P. cuniculi in rabbits (Fichi et al., 2007a; Fichi et al., 2007b; 

Guo et al., 2017; Shang et al., 2016) and against Chorioptes texanus in cattle (Nong et al., 

2014). Generally, essential oils are considered as a potential source of alternative acaricides, 

given their low animal toxicity and short environmental persistence (George et al., 2014), 

although a limited number of studies have displayed phytotoxic effects of essential oils (Cloyd 

et al., 2009).  

However, essential oils often represent a complex mixture of compounds, which makes it 

difficult to attribute the acaricidal activity to a specific compound or a composition of 

compounds. Fortunately, the primary component of essential oils can be identified by using gas 

chromatograph-mass spectrometry (Kitson et al., 1996). For example, the primary component 

of rose oil, clove oil, oregano oil, and eucalyptus oil are geraniol (Khan and Abourashed, 2011), 

eugenol (Bhuiyan et al., 2010), carvacrol (Teixeira et al., 2013) and 1,8-cineol (Boland et al., 

1991), respectively. The efficacy of those individual components against different mite species 

by contact assay is shown in Table 1. There is evidence supporting the efficacy of individual 

components for the control of ectoparasites. For example, when the concentration of 1,8-cineol 

was lower than 0.125% in an immersion assay, its efficacy against S. scabiei larvae still reached 

100% (Hu et al., 2015). The LC50 of carvacrol and eugenol at 24 h post-treatment against P. 

cuniculi in vitro was only 336.51 g/ml and 56.61 g/ml, respectively, suggesting a high 

efficacy of carvacrol and eugenol (Shang et al., 2019). Moreover, geraniol, carvacrol, eugenol, 

thymol and L-menthol induced 100% mortality of P. ovis at a concentration of 1 % after 72 h 

post-treatment in vitro (Dunn et al., 2016). In contrast to essential oils, very few individual 

components have been tested in vivo, with trans-cinnamic acid (10%) against P. ovis in sheep 

as an example that resulted in 87.5% reduction of mite counts (Wall and Bates, 2011). While 

many of these individual components have a high efficacy in vitro, more work is still needed 

to confirm efficacy in vivo, safety and modes of action, and to address limitations such as 

minimal residual activity. 
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Table 1. The efficacy of individual essential oil compounds against different mite species by contact assay. 

Mite 

species  
Compounds 

Efficacy 

Reference 
In vitro In vivo 

LC50 LT50 Efficacy Concentration  Efficacy 
Concentrati

on  

Sarcoptes 

scabiei  

1, 8-cineole  2.77 mg/mL (24 hpt) 3.606 h  -  -  -  - (Hu et al., 2015) 

Terpinen-4-ol  -  - 85% (1 hpt) 2.10%  -  - 

(Walton et al., 2004) a-terpineol  -  - 60% (16 hpt) 0.15%  -  - 

1, 8-cineole   -  - 40% (16 hpt) 0.10%  -  - 

Eugenol  -  - 50% (1 hpt) 
13.0 mM (sensitive mites)  

 -  - (Pasay et al., 2010) 
 40.7 mM (resistant mites) 

Psoroptes 

cuniculi  

Carvacrol 336.51 ug/mL (24 hpt)  -  - -   -  - 

(Shang et al., 2019) Eugenol 56.61 ug/mL (24 hpt)  -  - - 100% (15 dpt) 
2mg (10% 

DMSO) 

Thymol 197.84 ug/mL (24 hpt)  -  - -  -  - 

Thymol - 4.424 h  - 0.2 mg/mL  -  - 
(Shang et al., 2016) 

Carvacrol - 8.957 h  - 0.1 mg/mL  -  - 

Geraniol     
100%  

(48 hpt) 
 ≥ 0.125%  

  

 - (Perrucci et al., 1995) Thymol  -  -  - 

Eugenol       

Eugenol  -  - 100% (8 hpt) 4 mg/mL  -  - (Ma et al., 2019) 

Psoroptes 

ovis 

Trans-

cinnamic acid 
 -  - 

100%  

(24 hpt) 
10% (v/v) 87.5% (56 dpt) 10% (v/v) 

(Wall and Bates, 

2011) 

Usnic acid  -  - 
91.7%  

(24 hpt) 
250 mg/ml  -  - (Shang et al., 2014) 

Geraniol     

100%  

(72 hpt) 
1%  -  - (Dunn et al., 2016) 

Carvacrol     

Eugenol  -  - 

Thymol     

L-menthol     

Otodectes 

cynotis 
Geraniol  -  - 100% (1 hpt) 10%  -  - (Traina et al., 2005) 

Note: LC50: The lethal concentration of 50%; LT50: The lethal time of 50%; hpt: hour post treatment; dpt: days post treatment. “-” indicates not mentioned or 

tested in the study. 
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1.8.4.2. Bacterial and fungal  control 

Biological control methods that have been investigated include bacteria and fungi, which have 

been shown to be toxic to mites. The bacterium, Bacillus thuringiensis, is a potential alternative 

control option. Recent work suggests that a substance produced by B. thuringiensis, e.g. 

thuringiensin, is toxic to larvae of the blowfly, Lucilia cuprina, the fly, Musca domestica 

(Pinnock, 1994) and the sheep louse Bovicola ovis (Gough et al., 2002). This substance is also 

effective in the control of mite species. P. cuniculi is highly susceptible to the strain GP532 of 

B. thuringiensis, and so, B. thuringiensis protein could be a potential treatment for P. ovis 

infestation in farm animals (Dunstand-Guzmán et al., 2015).  

The use of entomopathogenic fungi for the control of psoroptic mange in sheep or cattle has 

been investigated by different research teams. Entomopathogenic fungi belong to the 

Hyphomycetes (Deuteromycotina) genus and are able to infect and kill a wide range of parasitic 

insects or acarines e.g. ticks (Kaaya et al., 1996). Most in vitro and in vivo studies were 

performed with different strains of Beauveria bassiana or Metarhizium anisopoliae (Abolins 

et al., 2007; Gu et al., 2020; Lekimme et al., 2008; Lekimme et al., 2006b; Smith et al., 2000). 

These fungi have a very high in vitro and in vivo efficacy against P. ovis mites and, consequently, 

represent potential biocontrol agents. However, the activity in vitro and in vivo is conditioned 

by many different factors, such as humidity, high temperature at the skin, presence of 

competitors such as bacteria or other fungi and their metabolites, the excipient used and its 

distribution on the body and the persistent efficacy of the biocontrol agent (Abolins et al., 2007; 

Lekimme et al., 2008; Taylor et al., 2009). For instance, Abolins et al. (2007) demonstrated that 

P. ovis could be infected by M. anisopoliae or B. bassiana on sheep skin. However, the high 

temperatures which are recorded at the surface of the skin require selection of thermotolerant 

strains of a given species. Clearly, additional studies are required in order to optimize 

production, conservation and formulation of entomopathogenic fungi for the control of 

psoroptic mange and possibly other ectoparasites (Rose and Wall, 2009). 

1.8.4.3. Vaccination   

Vaccination is one of the most promising solutions for parasite control, since it may offer long-

term control (Nisbet and Huntley, 2006). Vaccination against P. ovis in sheep and cattle could 

be a feasible option as previously affected animals seem to develop a protective immunity or 

resistance by rapidly increasing specific antibody titres and reducing mite numbers and slowly 

growing lesions during challenge infestations (Bates, 2000; Pruett et al., 1986; Stewart and 

Fisher, 1986). In challenge trials in sheep immunized with soluble P. ovis antigens, specific 
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antibody titres were increased and lesion areas were reduced accompanied with a reduction of 

mite numbers and pathology (Jayawardena et al., 2000; Smith et al., 2001; Stella et al., 1997). 

Similarly, vaccination of rabbits with soluble P. cuniculi antigens (Uhlir, 1992) and calves with 

P. ovis antigens (Pruett et al., 1998) induced partial immunity. However, before recombinant 

vaccines can be produced, the protective antigens present in the mites must be identified and 

characterised. Several possible vaccine candidates have been put forward, some of them linked 

to the feeding and digestion behaviour of the mites (McNair et al., 2010). The immunogenicity 

of some of the P. ovis antigens suggests that they may represent vaccine candidates. Several 

homologues of house dust mite allergens have received particular attention, namely ‘Pso o 1’ 

and ‘Pso o 2’ (homologues to the ‘Der p 1’ and ‘Der p 2’ allergens from Dermatophagoides 

farinae, respectively) (Lee et al., 2002; Pruett, 1999b). In sensitised sheep, ‘Pso o 1’ induced 

an acute skin reaction which was less pronounced than the whole-mite extract, followed by an 

immediate increase of specific IgG antibodies (Van den Broek et al., 2003a). In human, 

suppression of ‘Der p 1’ activity inhibited the allergic Th2 reaction, thus prohibiting the 

development of severe symptoms (John et al., 2000). There are other immunodominant allergen 

homologues that were identified in P. ovis, such as ‘Der p 10’ (tropomyosin), ‘Der p 11’ 

(paramyosin) and ‘Der p 14’ (vitellogenin/apoliopohorin) (Huntley et al., 2004). To date, 

several possible vaccine candidates have been recommended in the search for more specific 

and potentially recombinant allergens, which are involved in the signalling pathways of host’s 

pro-inflammatory response to P. ovis and the feeding and digestion behaviour of mites (Burgess 

et al., 2012a; Burgess et al., 2010; Burgess et al., 2011a; Burgess et al., 2011b; Nisbet et al., 

2008). However, vaccination with recombinant P. cuniculi actin with Quil A adjuvant had no 

clinical protective efficacy against P. cuniculi in rabbits (Zheng et al., 2013). In contrast, 

immunisation with a recombinant subunit vaccine, using seven P. ovis antigens (including Pso 

o 1, Pso o 2, Pso o 3 and cyclophilin), caused a significant reduction in lesion size and mite 

numbers following challenge in sheep (Burgess et al., 2016). Vaccination has not been reported 

as a control measure against psoroptic mange in cattle. Although it appears that vaccination 

will never be able to fully protect individuals from infection through induction of sterile 

immunity, it undoubtedly has potential to reduce the parasite population and clinical disease 

(Pruett, 1999a).  

1.8.4.4. Immunotherapy  

Immunotherapy involves correctly exposing amounts of specific allergens to animals in an 

attempt to reduce the severity of disease from natural exposure. The aims are to change the 
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immune system’s responses against allergens by reducing the inflammatory response and 

preventing the development of persistent disease in the long term. For instance, sublingual 

immunotherapy for desensitization against dust mites and other allergens has been applied and 

shown good results (Tonnel et al., 2004; Wilson et al., 2005). Another promising method is the 

use of short synthetic peptides which represent dominant T cell epitopes of the allergen. Short 

synthetic peptides have been shown to markedly reduce the capacity to cross-link IgE to cause 

anaphylaxis (Larché, 2007). Increased knowledge on the molecular structure of P. ovis 

allergens may allow the development of immunotherarpy for psoroptic mange (Burgess et al., 

2019; Huntley et al., 2004; Nisbet et al., 2006). Clearly, there is still a long way to go before 

immunothearpy has been used.  

1.8.4.5. Strategic breeding 

Genetic breeding for resistance to psoroptic mange may be as a method of controlling P. ovis 

infestations. However, it will be a long time before this alternative option is applied in breeding 

programs (Bates, 2012). Traditional livestock breeding is restricted, since it has long breeding 

cycle and slow effect. It is likely that genome editing tools will be good solutions to those 

problems, such as CRISPR/Cas9 (Ruan et al., 2017). For instance, Wu et al., (2015) inserted 

the Speckled 110 (SP110) gene into the cattle genome using transcription activator-like effector 

nuclease (TALEN) technology, so that the generated transgenic cattle are less susceptible to 

tuberculosis (Wu et al., 2015). Therefore, the challenge of breeding resistant cattle to P. ovis is 

selection of resistant genes. Selection should be based on clinical appearances of infected 

animals, such as itch. This will always be against the current predominant strain of parasite. 

Previous research indicated that a candidate gene was presented using genome-wide 

association studies (GWASs) (Coussé et al., 2016). Future studies are therefore necessary to 

use CRISPR/Cas9 system to edit the cattle genome for breeding more mange resistant BB. 

In summary, psoroptic mange treatment is still a problem. Although currently available 

treatments still work to some degree, they work not as good as they did. Because resistance has 

developed, alternatives should be investigated. One possible alternative is the use of natural 

compounds, and another possible alternative is immunotherapy or vaccination. However, there 

is as yet limited information about the immune response against P. ovis mites in cattle. 

Therefore, the mechanisms of specific immune responses against P. ovis need to be addressed 

before we can work towards vaccines or immunotherapy.  

 

 



Chapter 1   

 

 

30 

References: 

 

Aboelhadid SM., Mahrous LN., Hashem SA., Abdel-Kafy EM., Miller RJ., 2016. In vitro and 

in vivo effect of Citrus limon essential oil against sarcoptic mange in rabbits. Parasitol 

Res 115: 3013-3020. 

Abolins S., Thind B., Jackson V., Luke B., Moore D., Wall R., Taylor M., 2007. Control of the 

sheep scab mite Psoroptes ovis in vivo and in vitro using fungal pathogens. Vet 

parasitol148: 310-317. 

Albanesi C., De Pità O., Girolomoni G., 2007. Resident skin cells in psoriasis: A special look 

at the pathogenetic functions of keratinocytes. Cl In Dermatol 25: 581-588. 

Arlian L., Rapp C., Vyszenskimoher D., Morgan M., 1994. Sarcoptes scabiei: 

Histopathological changes associated with acquisition and expression of host immunity 

to scabies. Exp Parasitol 78: 51-63. 

Arlian LG., Morgan MS., Neal JS., 2003. Modulation of cytokine expression in human 

keratinocytes and fibroblasts by extracts of scabies mites. AM J Trop Med Hyg 69: 652-

656. 

Askenasy N., Kaminitz A., Yarkoni S., 2008. Mechanisms of T regulatory cell function. 

Autoimmun Rev 7: 370-375. 

Bakkali F., Averbeck S., Averbeck D., Idaomar M., 2008. Biological effects of essential oils–a 

review. Food Chem Toxicol 46: 446-475. 

BARTH D., 1980. Studies on the effectiveness of ivermectin on ectoparasites in cattle 

Praktische Tierarzt. Vol. 61. Schlutersche Verlag Druckerei Georgswall 4, W-3000 

Hanover 1, Germany. 

Barth D., Hair JA., Kunkle BN., Langholff WK., Löwenstein M., Rehbein S., Smith LL., 

Eagleson JS., Kutzer E., 1997. Efficacy of eprinomectin against mange mites in cattle. 

Am J Vet Res 58: 1257-1259. 

Bartley DJ., Jackson E., Sargison N., Jackson F., 2005. Further characterisation of a triple 

resistant field isolate of Teladorsagia from a Scottish lowland sheep farm. Vet Parasitol 

134: 261-266. 

Bartley DJ., McArthur CL., Devin LM., Sutra JF., Morrison AA., Lespine A., Matthews JB., 

2012. Characterisation of macrocyclic lactone resistance in two field-derived isolates 

of Cooperia oncophora. Vet Parasitol 190: 454-460. 

Bates P., 1997. The pathogenesis and ageing of sheep scab lesions-part 2. State Vet J (United 

Kingdom). 

Bates P., 1998. Bovine mange in great britain. Cattle Practice (United Kingdom). 

Bates P., 2000. Differences between primary and secondary infestations with the sheep scab 

mite, Psoroptes ovis. Vet Record: 528-529. 

Bates P., 2007. Sheep scab (Psoroptes ovis). Diseases of Sheep: 321-325. 

Bates P., 2009. The effective diagnosis of sheep scab: differential diagnosis, sero-diagnosis and 

pen-side tests. Gov Vet J 20: 32-37. 

Bates PG., 1999. Inter-and intra-specific variation within the genus Psoroptes (Acari: 

Psoroptidae). Vet Parasitol 83: 201-217. 



  Chapter 1 

 31 

Bates PG., 2012. External parasites of small ruminants a practical guide to their prevention and 

control. CABI, Wallingford. 

Bates PG., Groves BA., 1991. Failure of a single treatment with ivermectin to control sheep 

scab (Psoroptes ovis) on artificially infested sheep. Vet Rec128: 250-253. 

Bates PG., Groves BA., Courtney SA., Coles GC., 1995. Control of sheep scab (Psoroptes ovis) 

on artificially infested sheep with a single injection of doramectin. Vet Rec 137, 491-

492.  

Bhuiyan MNI., Begum J., Akter F., 2010. Constituents of the essential oil from leaves and buds 

of clove (Syzigium caryophyllatum (L.) Alston). Afr J Plant Sci 4: 451-454. 

Bird JA., Sánchez-Borges M., Ansotegui IJ., Ebisawa M., Martell JAO., 2018. Skin as an 

immune organ and clinical applications of skin-based immunotherapy. World Allergy 

Organ J 11: 38. 

Bisdorff B., Milnes A., Wall R., 2006. Prevalence and regional distribution of scab, lice and 

blowfly strike in Great Britain. Vet Rec 158: 749-752. 

Blake BH., Bay DE., Meola SM., Price MA., 1978. Morphology of the mouthparts of the sheep 

scab mite, Psoroptes ovis. Ann Entomol Soc Am 71: 289-294. 

Blutke A., Börjes P., Herbach N., Pfister K., Hamel D., Rehbein S., Wanke R., 2015. Acaricide 

treatment prevents adrenocortical hyperplasia as a long-term stress reaction to psoroptic 

mange in cattle. Vet Parasitol 207: 125-133. 

Boland DJ., Brophy JJ., House APN., 1991. Eucalyptus leaf oils: Use, chemistry, distillation 

and marketing. Inkata, Sydney. 

Bousquet-Mélou A., Jacquiet P., Hoste H., Clément J., Bergeaud JP., Alvinerie M., Toutain PL., 

2011. Licking behaviour induces partial anthelmintic efficacy of ivermectin pour-on 

formulation in untreated cattle. Int J Parasitol 41: 563-569. 

Boyce WM., Brown RN., 1991. Antigenic characterization of Psoroptes spp. (Acari: 

Psoroptidae) mites from different hosts. J Parasitol: 675-679. 

Bridi AA., Carvalho LA., Cramer LG., Barrick RA., 2001. Efficacy of a long-acting 

formulation of ivermectin against Psoroptes ovis (Hering, 1838) on cattle. Vet Parasitol 

97: 277-283. 

Burgess ST., Nunn F., Bartley K., Frew D., McLean K., Inglis NF., McGeachy K., Taliansky 

ME, Love AJ, Nisbet AJ., 2020. Psoroptes ovis -Early immunoreactive protein (Pso‐

EIP‐1) a novel diagnostic antigen for sheep scab. Parasite Immunol: e12788. 

Burgess, ST., Bartley, K., Nunn, F., Wright, HW., Hughes, M., Gemmell, M., Haldenby, S., 

Paterson, S., Rombauts, S., Tomley, FM., Blake, DP., 2018a. Draft genome assembly 

of the poultry red mite, Dermanyssus gallinae. Microbiol Resour Announc, 7: e01221-

18. 

Burgess, ST., Bartley, K., Marr, EJ., Wright, HW., Weaver, RJ., Prickett, JC., Hughes, M., 

Haldenby, S., Le, PT., Rombauts, S., Van Leeuwen, T., 2018b. Draft genome assembly 

of the sheep scab mite, Psoroptes ovis. Genome Announc, 6: e00265-18. 

Burgess ST., Downing A., Watkins CA., Marr EJ., Nisbet AJ., Kenyon F., McNair C., Huntley 

JF., 2012a. Development of a cDNA microarray for the measurement of gene 

expression in the sheep scab mite Psoroptes ovis. Parasite Vector 5: 30. 

Burgess ST., Frew D., Nunn F., Watkins CA., McNeilly TN., Nisbet AJ., Huntley JF., 2010. 



Chapter 1   

 

 

32 

Transcriptomic analysis of the temporal host response to skin infestation with the 

ectoparasitic mite Psoroptes ovis. BMC Genomics 11: 624. 

Burgess ST., Greer A., Frew D., Wells B., Marr EJ., Nisbet AJ., Huntley JF., 2012b. 

Transcriptomic analysis of circulating leukocytes reveals novel aspects of the host 

systemic inflammatory response to sheep scab mites. PloS one 7: e42778. 

Burgess ST., Innocent G., Nunn F., Frew D., Kenyon F., Nisbet AJ., Huntley JF., 2012c. The 

use of a Psoroptes ovis serodiagnostic test for the analysis of a natural outbreak of sheep 

scab. Parasite Vector 5: 7. 

Burgess, ST., Marr, EJ., Bartley, K., Nunn, FG., Down, RE., Weaver, RJ., Prickett, JC., Dunn, 

J., Rombauts, S., Van Leeuwen, T., Van de Peer, Y., 2019. A genomic analysis and 

transcriptomic atlas of gene expression in Psoroptes ovis reveals feeding-and stage-

specific patterns of allergen expression. BMC genomics, 20(1): 1-23. 

Burgess ST., McNeilly TN., Watkins CA., Nisbet AJ., Huntley JF., 2011a. Host transcription 

factors in the immediate pro-inflammatory response to the parasitic mite Psoroptes ovis. 

PloS one 6: e24402. 

Burgess ST., Nisbet AJ., Kenyon F., Huntley JF., 2011b. Generation, analysis and functional 

annotation of expressed sequence tags from the ectoparasitic mite Psoroptes ovis. 

Parasite Vector 4: 145. 

Burgess ST., Nunn F., Nath M., Frew D., Wells B., Marr EJ., Huntley JF., McNeilly TN., Nisbet 

AJ., 2016. A recombinant subunit vaccine for the control of ovine psoroptic mange 

(sheep scab). Vet Res 47: 26. 

Busin V., Burgess S., Sargison N., 2015. Sheep scab, future perspective for disease diagnosis 

and control. Livestock 20: 156-159. 

Bussiéras J., 1987. Les gales bovines. Le Point vétérinaire: revue d'enseignement post-

universitaie et de formation permanente 19: 145-153. 

Canga AG., Prieto AMS., Liebana MJD., Martínez NF., Vega MS., Vieitez JJG., 2009. The 

pharmacokinetics and metabolism of ivermectin in domestic animal species. Vet J 179: 

25-37. 

Carty H., Nisbet A., 2011. Testing for suspected bovine psoroptic mange in Scotland. Vet Rec 

168: 674. 

Clark A., Stephen FB., Cawley GD., Bellworthy SJ., Groves BA., 1996. Resistance of the sheep 

scab mite Psoroptes ovis to propetamphos. Vet Rec139: 451. 

Cloyd RA., Galle CL., Keith SR., Kalscheur NA., Kemp KE., 2009. Effect of commercially 

available plant-derived essential oil products on arthropod pests. J Econ Entomol 102: 

1567-1579. 

Clymer BC., Janes TH., McKenzie ME., 1997. Evaluation of the therapeutic and protective 

efficacy of doramectin against psoroptic scabies in cattle. Vet Parasitol 72: 79-89. 

Cole NA., Guillot FS., 1987. Influence of psoroptes ovis on the energy metabolism of heifer 

calves. Vet Parasitol 23: 285-295. 

Coles GC., 1998. Drug-resistant parasites of sheep: An emerging problem in the UK? Parasitol 

Today 14: 86-88. 

Coussé A., Francois L., Stinckens A., Buys N., Elansary M., Abos R., Saegerman C., Druet T., 

Losson B., Georges M., 2016. Tackling the itch: GWAS-based candidate genes for 



  Chapter 1 

 33 

psoroptic mange sensitivity in Belgian Blue cattle. J Ani Sci 94: 167-168. 

Dalton JP., Mulcahy G., 2001. Parasite vaccines—a reality? Vet Parasitol 98: 149-167. 

de Castro JJ., 1997. Sustainable tick and tickborne disease control in livestock improvement in 

developing countries. Vet Parasitol 71: 77-97. 

Debets R., Hegmans JP., Troost RJ., Benner R., Prens EP., 1995. Enhanced production of 

biologically active interleukin‐1α and interleukin‐1β by psoriatic epidermal cells ex 

vivo: evidence of increased cytosolic interleukin‐1β levels and facilitated interleukin‐1 

release. Eur J Immunol 25: 1624-1630. 

Dinarello CA., Wolff SM., 1993. The role of interleukin-1 in disease. New Engl J Med 328: 

106-113. 

Doherty E., Burgess S., Mitchell S., Wall R., 2018. First evidence of resistance to macrocyclic 

lactones in Psoroptes ovis sheep scab mites in the UK. Vet Rec 182:106-106. 

Domke AV., Chartier C., Gjerde B., Leine N., Vatn S., Østerås O., Stuen S., 2011. Worm control 

practice against gastro-intestinal parasites in Norwegian sheep and goat flocks. Acta 

Vet Scand 53: 29. 

Downing W., 1936. The life-history of Psoroptes communis var. ovis with particular reference 

to latent or suppressed scab. J Comp Pathol 49. 

Dunn JA., Prickett JC., Collins DA, Weaver RJ., 2016. Primary screen for potential sheep scab 

control agents. Vet Parasitol 224: 68-76. 

Dunstand-Guzmán E., Peña-Chora G., Hallal-Calleros C., Pérez-Martínez M., Hernández-

Velazquez VM., Morales-Montor J., Flores-Pérez FI., 2015. Acaricidal effect and 

histological damage induced by Bacillus thuringiensis protein extracts on the mite 

Psoroptes cuniculi. Parasite Vector 8: 285. 

Ellse L., Wall R., 2014. The use of essential oils in veterinary ectoparasite control: A review. 

Med Vet Entomol 28: 233-243. 

Fang F., Candy K., Melloul E., Bernigaud C., Chai L., Darmon C., Durand R., Botterel F., 

Chosidow O., Izri A., 2016. In vitro activity of ten essential oils against Sarcoptes 

scabiei. Parasite Vector 9: 594. 

Fichi G., Flamini G., Giovanelli F., Otranto D., Perrucci S., 2007a. Efficacy of an essential oil 

of Eugenia caryophyllata against Psoroptes cuniculi. Exp Parasitol 115: 168-172. 

Fichi G., Flamini G., Zaralli L., Perrucci S., 2007b. Efficacy of an essentifal oil of 

Cinnamomum zeylanicum against Psoroptes cuniculi. Phytomedicine 14: 227-231. 

Fisher WF., 1983a. Detection of serum antibodies to psoroptic mite antigens in rabbits infested 

with Psoroptes cuniculi or Psoroptes ovis (Acari: Psoroptidae) by Enzyme-linked 

immunosorbent assay and immunodiffusion. J Med Entomol 20: 257-262. 

Fisher WF., 1983b. Development of serum antibody activity as determined by enzyme-linked 

immunosorbent assay to Psoroptes ovis (Acarina: Psoroptidae) antigens in cattle 

infested with P. ovis. Vet Parasitol 13: 363-373. 

Fisher WF., Wright FC., 1981. Effects of the sheep scab mite on cumulative weight gains in 

cattle. J Econ Entomol 74: 234-237. 

Forbes AB., Pitt SR., Baggott DG., Rehbein S., Barth D., Bridi AA., Carvalho LA., O’Brien 

DJ., 1999. A review of the use of a controlled-release formulation of ivermectin in the 

treatment and prophylaxis of Psoroptes ovis infestations in sheep. Vet Parasitol 83: 319-



Chapter 1   

 

 

34 

326. 

Fourie LJ., Meintjes T., Kok DJ., Horak IG., 2002. The growth of sheep scab lesions in relation 

to sheep breed and time of the year. Exp Appl Acarol 27: 277-281. 

Fox MT., 1993. Ectoparasites and vectors of veterinary importance. Parasitol Today 9: 437-

438. 

Gao JR., Zhu KY., 2002. Increased expression of an acetylcholinesterase gene may confer 

organophosphate resistance in the greenbug, schizaphis graminum (Homoptera: 

Aphididae). Pestic Biochem Physiol 73: 164-173. 

Genchi C., Alvinerie M., Forbes A., Bonfanti M., Genchi M., Vandoni S., Innocenti M., Rossi 

CAS., 2008. Comparative evaluation of two ivermectin injectable formulations against 

psoroptic mange in feedlot cattle. Vet Parasitol 158: 110-116. 

George DR., Finn RD., Graham KM., Sparagano OA., 2014. Present and future potential of 

plant-derived products to control arthropods of veterinary and medical significance. 

Parasite Vector 7: 28. 

Gervais P., 1841. Designation of type and description of genus Onychiurus. L’Echo Du Monde 

Savant 8: 372. 

Gorden PJ., Plummer P., 2010. Control, management, and prevention of bovine respiratory 

disease in dairy calves and cows. Vet Clin N AM-Food A 26: 243-259. 

Gough JM., Akhurst RJ., Ellar DJ., Kemp DH., Wijffels GL., 2002. New isolates of Bacillus 

thuringiensis for control of livestock ectoparasites. Biol Control 23: 179-189. 

Gouwy M., Struyf S., Catusse J., Proost P., Van Damme J., 2004. Synergy between 

proinflammatory ligands of G protein‐coupled receptors in neutrophil activation and 

migration. J Leukocyte Biol 76: 185-194. 

Gu, XB., Liu, GH., Song, HQ., Liu, TY., Yang, GY., Zhu, XQ., 2014. The complete 

mitochondrial genome of the scab mite Psoroptes cuniculi (Arthropoda: Arachnida) 

provides insights into Acari phylogeny. Parasite Vector, 7(1):1-10. 

Gu X., Zhang N., Xie Y., Zheng Y., Chen Y., Zhou X., Li X., Zhong Z., He R., Yang G., 2020. 

Metarhizium anisopliae CQMa128 regulates antioxidant/detoxification enzymes and 

exerts acaricidal activity against Psoroptes ovis var. cuniculi in rabbits: A preliminary 

study. Vet Parasitol 279: 109059. 

Guillot FS., Meleney WP., 1982. The infectivity of surviving Psoroptes ovis (Hering) on cattle 

treated with ivermectin. Vet Parasitol 10: 73-78. 

Guillot FS., Wright FC., Meleney WP., 1983. Efficacy of four acaricides applied as dips for 

control of the sheep scabies mite, Psoroptes ovis, on cattle. Prev Vet Med1: 179-186. 

Guo X., Shang X., Li B., Zhou XZ., Wen H., Zhang J., 2017. Acaricidal activities of the 

essential oil from rhododendron nivale Hook.f. and its main compund, δ-cadinene 

against Psoroptes cuniculi. Vet Parasitol 236: 51-54. 

Hahn J., Knopf J., Maueroder C., Kienhofer D., Leppkes M., Herrmann M., 2016. Neutrophils 

and neutrophil extracellular traps orchestrate initiation and resolution of inflammation. 

Clin Exp Rheumatol 34: 6-8. 

Hamel D., Joachim A., Löwenstein M., Pfister K., Silaghi C., Visser M., Winter R., Yoon S., 

Cramer L., Rehbein S., 2015. Treatment and control of bovine sarcoptic and psoroptic 

mange infestation with ivermectin long-acting injectable (Ivomec® GOLD). Parasitol 



  Chapter 1 

 35 

Res 114: 535-542. 

Hamer K., Burgess ST., Busin V., Sargison ND., 2019. Performance of the Psoroptes ovis 

antibody ELISA in the face of low-level mite infestation. Vet Rec 185: 4. 

Hamilton KA., Nisbet AJ, Lehane MJ, Taylor MA., Billingsley PF., 2003. A physiological and 

biochemical model for digestion in the ectoparasitic mite, Psoroptes ovis (Acari: 

Psoroptidae). Int J Parasitol 33: 773-785. 

Harrison IR., Palmer BH., 1981. Further studies on amitraz as a veterinary acaricide. Pestic Sci 

12: 467-474. 

Henderson D., 1991. Chemical control of sheep scab. Proceedings of the Sheep Vet Society 15: 

29-32. 

Hering E., 1838. Die kräzmilben der thiere und einige verwandte Arten: nach eigenen 

untersuchungen beschrieben. Verhandlungen der kaiserlichen leopoldinisch-

carolinishchen Akademie der Naturforscher 18:574-602. 

Hirst S., 1922. Mites injurious to domestic animals. British Museum (Natural History), London, 

Economical series No. 13. 

Hora FŞ., Dărăbuş G., Badea C., Mederle O., Mederle N., 2015. Epidemiological, clinical and 

therapeutic aspects of the infestation with Trichophyton spp. (Fungi: Eurotiomycetes: 

Arthrodermataceae). Sci Parasitol 16: 28-32. 

Hu Z., Chen Z., Yin Z., Jia R., Song X., Li L., Zou Y., Liang X., Li L., He C., 2015. In vitro 

acaricidal activity of 1, 8-cineole against Sarcoptes scabiei var. cuniculi and regulating 

effects on enzyme activity. Parasitol Res 114: 2959-2967. 

Huntley JF., Machell J., Nisbet AJ., Van den Broek A., Chua KY., Cheong N., Hales BJ, 

Thomas WR., 2004. Identification of tropomyosin, paramyosin and 

apolipophorin/vitellogenin as three major allergens of the sheep scab mite, Psoroptes 

ovis. Parasite Immunol 26: 335-342. 

Iwakura Y., Ishigame H., 2006. The IL-23/IL-17 axis in inflammation. J Clin Investig 116: 

1218-1222. 

James, CE., Davey, MW., 2009. Increased expression of ABC transport proteins is associated 

with ivermectin resistance in the model nematode Caenorhabditis elegans. Int J 

Parasitol, 39(2), pp.213-220. 

Jayawardena AK., GI AHH., Bates P., Groves B., Woodland RM., Varma MGR., 2000. 

Immunisation of sheep with Psoroptes ovis extracts. Proceedings of the Annual 

Conference of the AVTRW. 

Jia XY., Yang GY., Gu XB., Lai SJ., 2008. Nucleotide variation in rDNA ITS-2 differentiates 

psoroptes isolates from rabbits and buffalo. Acta Entomol Sin 51: 545-550. 

John RJ., Rusznak C., Ramjee M., Lamont AG., Abrahamson M., Hewitt EL., 2000. Functional 

effects of the inhibition of the cysteine protease activity of the major house dust mite 

allergen Der p 1 by a novel peptide-based inhibitor. Clin Exp Allergy 30: 784-793. 

Jones A., Caldow G., Cameron N., McGregor M., 2014. Psoroptic mange in a Scottish beef 

herd. Vet Rec174: 509. 

Juan C., Cheng L, YaE Z., Li H., Yuan Y., Fan Y., Zhi S., 2015. Population identification and 

divergence threshold in psoroptidae based on ribosomal ITS2 and mitochondrial COI 

genes. Parasitol Res 114: 3497-3507. 



Chapter 1   

 

 

36 

Kaaya GP., Mwangi EN., Ouna EA., 1996. Prospects for biological control of livestock Ticks, 

Rhipicephalus appendiculatus and Amblyomma variegatum, using the entomogenous 

Fungi Beauveria bassiana and Metarhizium anisopliae. J Invertebr Pathol 67: 15-20. 

Kauffman HF., Tamm M., Timmerman JAB., Borger P., 2006. House dust mite major allergens 

Der p 1 and Der p 5 activate human airway-derived epithelial cells by protease-

dependent and protease-independent mechanisms. Clin Mol Allergy 4: 5. 

Kebede B., Negese T., 2017. Evaluation of acaricidal effect of ethnoveteinary medicinal plant 

by in vivo and in vitro against Sarcoptes scabiei var. caprae of infected goats in North 

Shoa, oromia regional state, Ethiopia. J Tradit Med Clin Natur 6: 1000201. 

Kerepesi LA., Hess JA., Leon O., Nolan TJ., Schad GA., Abraham D., 2007. Toll-like receptor 

4 (TLR4) is required for protective immunity to larval Strongyloides stercoralis in mice. 

Microb Infect 9: 28-34. 

Khan IA., Abourashed EA., 2011. Leung's encyclopedia of common natural ingredients: used 

in food, drugs and cosmetics. John Wiley & Sons. 

Kirkwood A., 1980. Effect of Psoroptes ovis on the weight of sheep. Vet Rec 107: 469-470. 

Kirkwood A., 1985. Some observations on the biology and control of the sheep scab mite 

Psoroptes ovis (Hering) in Britain. Vet Parasitol 18: 269-279. 

Kirkwood A., 1986. History, biology and control of sheep scab. Parasitol Today 2: 302-307. 

Kitson FG., Larsen BS., McEwen CN., 1996. Gas chromatography and mass spectrometry: A 

practical guide. Academic Press. 

Lalli PN., Morgan MS., Arlian LG., 2004. Skewed Th1/Th2 immune response to Sarcoptes 

scabiei. J Parasitol 90: 711-714. 

Larché, M., 2007. Immunotherapy with allergen peptides. Allergy Asthma Clin Immunol, 3(2): 

1-7. 

Lee AJ., Machell J., Van Den Broek AH., Nisbet AJ., Miller HRP., Isaac RE, Huntley JF., 2002. 

Identification of an antigen from the sheep scab mite, Psoroptes ovis, homologous with 

house dust mite group I allergens. Parasite Immunol 24: 413-422. 

Lee JS., Kim IS., Ryu JS., Yun CY., 2008. House dust mite, dermatophagoides pteronissinus 

increases expression of MCP-1, IL-6, and IL-8 in human monocytic THP-1 cells. 

Cytokine 42: 365-371. 

Lekimme M., Farnir F., Marechal F., Losson B., 2010. Failure of injectable ivermectin to 

control psoroptic mange in cattle. Vet Rec 167: 575-576. 

Lekimme M., Focant C., Farnir F., Mignon B., Losson B., 2008. Pathogenicity and 

thermotolerance of entomopathogenic fungi for the control of the scab mite, Psoroptes 

ovis. Exp Appl Acarol 46: 95-104. 

Lekimme M., Mignon B., Leclipteux T., Tombeux S., Maréchal F., Losson B., 2006a. In vitro 

tests for evaluation of the hatchability of the eggs of psoroptes mites following exposure 

to acaricidal compounds. Med Vet Entomol 20: 102-105. 

Lekimme M., Mignon B., Tombeux S., Focant C., Maréchal F., Losson B., 2006b. In vitro 

entomopathogenic activity of Beauveria bassiana against Psoroptes spp. (Acari: 

Psoroptidae). Vet Parasitol 139: 196-202. 

Levin SA., 2013. Encyclopedia of biodiversity. 2ed, Academic Press, Elsevier Inc, Amsterdam. 



  Chapter 1 

 37 

Lewis C., 1997. Update on sheep scab. In Practice 19: 558-564. 

Li CW., Lu HG., Chen DH., Lin ZB., Wang DY., Li TY., 2014. In vivo and in vitro studies of 

Th17 response to specific immunotherapy in house dust mite-induced allergic Rhinitis 

patients. PLoS One 9: e91950. 

Lifschitz A., Fiel C., Steffan P., Cantón C., Muchiut S., Dominguez P., Lanusse C., Alvarez L., 

2018. Failure of ivermectin efficacy against Psoroptes ovis infestation in cattle: 

integrated pharmacokinetic-pharmacodynamic evaluation of two commercial 

formulations. Vet Parasitol 263: 18-22. 

Liu X., Walton S., Murray HC., King M., Kelly A., Holt DC., Currie BJ., McCarthy JS., 

Mounsey K., 2014. Crusted scabies is associated with increased IL‐17 secretion by skin 

T cells. Parasite Immunol 36: 594-604. 

Lonneux JF., Nguyen T., Detry J., Farnir F., Losson B., 1998a. The relationship between 

parasite counts, lesions, antibody titres and daily weight gains in Psoroptes ovis infested 

cattle. Vet Parasitol 76: 137-148. 

Lonneux JF., Nguyen T., Hollanders W., Losson B., 1996. A sandwich enzyme-linked 

immunosorbent assay to study the antibody response against Psoroptes ovis in cattle. 

Vet Parasitol 64: 299-314. 

Lonneux JF., Nguyen T., Losson B., 1997. Efficacy of pour-on and injectable formulations of 

moxidectin and ivermectin in cattle naturally infected with Psoroptes ovis: 

parasitological, clinical and serological data. Vet Parasitol 69: 319-330. 

Lonneux JF., Losson B., 1992. Field efficacy of injectable and pour-on moxidectin in cattle 

naturally infested with Psoroptes ovis (Acarina: Psoroptidae). Vet Parasitol 45: 147-

152. 

Lonneux JF., Losson B., 1996. Epidemiology of cattle mange. Ann Med Vet 140: 317-327. 

Lonneux JF., Nguyen T., Hollanders W., Denis M., Thiry E., Pastoret PP., Losson B., 1998b. 

Humoral and cell-mediated immune responses of beef and dairy cattle experimentally 

infested with Psoroptes ovis. Am J Vet Res 59: 583-587. 

Losson B., Detry-Pouplard M., Pouplard L., 1988. Haematological and immunological 

response of unrestrained cattle to Psoroptes ovis, the sheep scab mite. Res Vet Sci 44: 

197-201. 

Losson B., Hanosset R., Lekimme M., Mignon B., Deroover E., 2008. Evaluation of the 

persistent efficacy of Cydectin (Moxidectin) 10% LA injectable against Psoroptes ovis 

in naturally infested cattle in Belgium. In preceedings of the 25th World Buiatrics 

Congress. Budapest, Hungary. 

Losson B., Lonneux JF., Lekimme M., 1999. The pathology of Psoroptes ovis infestation in 

cattle with a special emphasis on breed difference. Vet Parasitol 83: 219-229. 

Losson B., Lonneux JF., 1996. Field efficacy of moxidectin 0.5% pour-on against Chorioptes 

bovis, Damalinia bovis, Linognathus vituli and Psoroptes ovis in naturally infected 

cattle. Vet Parasitol 63: 119-130. 

Losson B., 2012. Sheep psoroptic mange: An update. Vet Parasitol 189: 39-43. 

Lynch NR, WR Thomas, NM Garcia, MC Di Prisco, FA Puccio, RI López, LA Hazell, H Den 

Shen, KL Lin, KY Chua 1997. Biological activity of recombinant der p 2, der p 5 and 

der p 7 allergens of the house-dust mite Dermatophagoides pteronyssinus. Int Arch 

Allergy Immunol 114: 59-67. 



Chapter 1   

 

 

38 

Ma W., Fan Y., Liu Z., Hao Y., Mou Y., Liu Y., Zhang W., Song X., 2019. The acaricidal activity 

and mechanism of eugenol on Psoroptes cuniculi. Vet Parasitol 266: 56-62. 

Macchioni F., Perrucci S., Cioni P., Morelli I., Castilho P., Cecchi F., 2006. Composition and 

acaricidal activity of Laurus novocanariensis and Laurus nobilis essential oils against 

Psoroptes cuniculi. J Essent Oil Res 18: 111-114. 

Mägi E., Järvis T., Miller I., 2006. Effects of different plant products against pig mange mites. 

Acta Veterinaria Brno 75: 283-287. 

Maruo K., Akaike T., Ono T., Okamoto T., Maeda H., 1997. Generation of anaphylatoxins 

through proteolytic processing of C3 and C5 by house dust mite protease. J Allergy 

Clin Immunol 100: 253-260. 

Mathieson B., Lehane M., 2002. Ultrastructure of the alimentary canal of the sheep scab mite, 

Psoroptes ovis (Acari: Psoroptidae). Vet Parasitol 104: 151-166. 

McArthur C., Bartley D., Shaw D., Matthews J., 2011. Assessment of ivermectin efficacy 

against gastrointestinal nematodes in cattle on four Scottish farms. Vet Rec 169: 658-

658. 

McGeachy MJ., Cua DJ., 2008. Th17 cell differentiation: The long and winding road. 

Immunity 28: 445-453. 

McLeod R., 1995. Costs of major parasites to the australian livestock industries. Int J Parasitol 

25: 1363-1367. 

Mcnair CM, Billingsley PF, Nisbet AJ, Knox DP., 2010. Feeding-associated gene expression 

in sheep scab mites (Psoroptes ovis). Vet Res 41: 1-8. 

McNeilly T., McIntyre J., Frew D., Griffiths D., Wattegedera S., Van Den Broek A, Huntley J., 

2010. Infestation of sheep with Psoroptes ovis, the sheep scab mite, results in 

recruitment of foxp3+ T cells into the dermis. Parasite Immunol 32: 361-369. 

Meeusen EN., 1999. Immunology of helminth infections, with special reference to 

immunopathology. Vet Parasitol 84: 259-273. 

Melancon JJ., 1998. Sarcoptic mange in swine: current prevalence. The Compendium on 

continuing education for the practicing veterinarian (USA). 

Millar M., Milnes A., Wood K., Mitchell S., Kendall B., 2011. Psoroptic mange in cattle 

confirmed in England. Vet Rec168: 334. 

Minihan D., Barrett D., Mulcahy G., Cassidy J., 2002. Psoroptes ovis infestation in a Belgian 

Blue bull. Irish Vet J 55: 168-171. 

Mitchell E., Jones J., Foster A., Millar M., Milnes A., Williams J., 2012. Clinical features of 

psoroptic mange in cattle in England and Wales. Vet Rec: vetrec-2011-100565. 

Molnar C., Gair J., 2015. Concepts of biology: 1st Canadian Edition; BCcampus: Victoria, BC, 

Canada.  

Morgan ER., Wall R., 2009. Climate change and parasitic disease: farmer mitigation? Trends 

Parasitol 25: 308-313. 

Mounsey KE., Murray HC., Bielefeldt-Ohmann H., Pasay C., Holt DC., Currie BJ., Walton SF., 

McCarthy JS., 2015. Prospective study in a porcine model of Sarcoptes scabiei 

indicates the association of Th2 and Th17 pathways with the clinical severity of scabies. 

Plos Negl Trop Dis 9: e0003498. 



  Chapter 1 

 39 

Müller-Eberhard HJ., 1988. Molecular organization and function of the complement system. 

Annu Rev Biochem 57: 321-347. 

Murphy K., Weaver C., 2016. Janeway's immunobiology. 9th Edition. Garland Science, Taylor 

& Francis group, LLC, New York.  

Nestle FO., Di Meglio P., Qin JZ., Nickoloff BJ., 2009. Skin immune sentinels in health and 

disease. Nat Rev Immunol 9: 679-691. 

Nguyen AV., Soulika AM., 2019. The dynamics of the skin’s immune system. Int J Mol Sci 20: 

1811. 

Nisbet A., Huntley J., 2006. Progress and opportunities in the development of vaccines against 

mites, fleas and myiasis‐causing flies of veterinary importance. Parasite Immunol 28: 

165-172. 

Nisbet AJ., Halliday AM., Parker L., Smith WD., Kenyon F., Knox DP., Huntley JF., 2008. 

Psoroptes ovis: Identification of vaccine candidates by immunoscreening. Exp Parasitol 

120: 194-199. 

Nisbet, AJ., MacKellar, A., Wright, HW., Brennan, GP., Chua, KY., Cheong, N., Thomas, JE., 

Huntley, JF., 2006. Molecular characterization, expression and localization of 

tropomyosin and paramyosin immunodominant allergens from sheep scab mites 

(Psoroptes ovis). Parasitology, 133(4): 515. 

Nixon, EJ., Wall, R., Vineer, HR., Stubbings, L. 2020. The high cost of sheep scab. Vet Rec, 

187(8), 325. 

Njue A., Prichard R., 2004. Genetic variability of glutamate-gated chloride channel genes in 

ivermectin-susceptible and-resistant strains of cooperia oncophora. Parasitology 129: 

741-751. 

Nong X., Li SH., Wang JH., Xie Y., Chen FZ., Liu TF., He R., Gu XB., Peng XR., Yang GY., 

2014. Acaricidal activity of petroleum ether extracts from Eupatorium adenophorum 

against the ectoparasitic cattle mite, Chorioptes texanus. Parasitol Res 113: 1201-1207. 

Nong X., Ren YJ., Wang JH., Fang CL., Xie Y., Yang DY., Liu TF., Chen L., Zhou X., Gu XB., 

2013a. Clinical efficacy of botanical extracts from Eupatorium adenophorum against 

the scab mite, Psoroptes cuniculi. Vet Parasitol 192: 247-252. 

Nong X., Ren YJ., Wang JH., Xie Y., Fang CL., Yang DY., Liu TF., Zhang RH., Chen L., Gu 

XB., 2013b. Clinical efficacy of botanical extracts from Eupatorium adenophorum 

against the Sarcoptes scabiei (Sarcoptidae: Sarcoptes) in rabbits. Vet Parasitol 195: 

157-164. 

Nunn FG., Burgess ST., Innocent G., Nisbet AJ., Bates P., Huntley JF., 2011. Development of 

a serodiagnostic test for sheep scab using recombinant protein Pso o 2. Mol Cell Probes 

25: 212-218. 

O'Brien D., Parker L., Menton C., Keaveny C., McCollum E., O'Laoide S., 1996. Treatment 

and control of psoroptic mange (sheep scab) with moxidectin. Vet Rec 139: 437-439. 

O'Brien DJ., Gray JS., O'Reilly PF., 1994. The use of moxidectin 1% injectable for the control 

of psoroptic mange in sheep. Vet Parasitol 52: 91-96. 

O’Brien DJ., 1999. Treatment of psoroptic mange with reference to epidemiology and history. 

Vet Parasitol 83: 177-185. 

Ochs H., Lonneux JF., Losson B., Deplazes P., 2001. Diagnosis of psoroptic sheep scab with 



Chapter 1   

 

 

40 

an improved enzyme-linked immunosorbent assay. Vet Parasitol 96: 233-242. 

Ortega-Mora L., Diez-Banos N., Martı́nez-González B., Rojo-Vázquez F., 1998. Controlled 

field efficacy of injectable moxidectin against naturally acquired psoroptic mange in 

sheep. Small Rumin Res29: 271-276. 

Pasay C., Mounsey K., Stevenson G., Davis R., Arlian L., Morgan M., Vyszenski-Moher D., 

Andrews K., McCarthy J., 2010. Acaricidal activity of eugenol-based compounds 

against scabies mites. PloS one 5: e12079. 

Perrucci S., Macchioni G., Cioni PL., Flamini G., Morelli I., 1995. Structure/activity 

relationship of some natural monoterpenes as acaricides against Psoroptes cuniculi. J 

Nat Prod 58: 1261-1264. 

Pettit D., Smith W., Richardson J., Munn E., 2000. Localisation and characterisation of ovine 

immunglobulin within the sheep scab mite, Psoroptes ovis. Vet Parasitol 89: 231-239. 

Phythian C., Phillips K., Wall R., 2013. Farmer perceptions of the prevalence and management 

of Psoroptes ovis infestation in sheep flocks in Southwest England. Vet Rec 172: 290-

290. 

Pinnock DE., 1994. The use of Bacillus thuringiensis for control of pests of livestock. Agric, 

Ecosyst Environ 49: 59-63. 

Plant JW., 2006. Sheep ectoparasite control and animal welfare. Small Rumin Res 62: 109-112. 

Pouplard L., Detry M., 1981. Un progres spectaculaire dans la lutte contre la gale bovine. 

Utilisation d'un nouvel agent antiparasitaire systemique: L'ivermectine Ann Med Vet 

125: 643-650. 

Pouplard L., Losson B., Detry M., Hollanders W., 1990. Les gales bovines. Ann Med Vet 134: 

531-539. 

Proksch E, JM Brandner, JM Jensen 2008. The skin: An indispensable barrier. Exp Dermatol 

17: 1063-1072. 

Pruett J., 1999a. Immunological control of arthropod ectoparasites—a review. Int J Parasitol 

29: 25-32. 

Pruett JH., 1999b. Identification and purification of a 16-KDa allergen from Psoroptes ovis 

(Acarina: Psoroptidae). J Med Entomol 36: 544-550. 

Pruett JH., Guillot FS., Fisher WF., 1986. Humoral and cellular immunoresponsiveness of 

stanchioned cattle infested with Psoroptes ovis. Vet Parasitol 22: 121-133. 

Pruett JH., Temeyer KB., Fisher WF., Beetham PK., Kunz SE., 1998. Evaluation of natural 

Psoroptes ovis (Acarina: Psoroptidae) soluble proteins as candidate vaccine 

immunogens. J Med Entomol 35: 861-871. 

Railliet A., 1893. Traité de zoologie médicale agricole: Avec table alphabétique détaillée. 

Asselin et Houzeaux. 

Rehbein S., Visser M., Winter R., Maciel AE., 2002. Efficacy of a new long-acting formulation 

of ivermectin and other injectable avermectins against induced Psoroptes ovis 

infestations in cattle. Parasitol Res 88: 1061-1065. 

Rehbein S., Visser M., Winter R., Trommer B., Matthes HF., Maciel A., Marley S., 2003. 

Productivity effects of bovine mange and control with ivermectin. Vet Parasitol 114: 

267-284. 



  Chapter 1 

 41 

Roberts IH., Meleney WP., 1971. Variations among strains of Psoroptes ovis (Acarina: 

Psoroptidae) on sheep and cattle. Ann Entomol Sol Am64: 109-116. 

Roberts L., Huffam S., Walton SF., Currie BJ., 2005. Crusted scabies: Clinical and 

immunological findings in seventy-eight patients and a review of the literature. J Infect 

50: 375-381. 

Robin C., Mégnin P., 1877. Mémoire sur les sarcoptides plumicoles. 

Roncalli R., 1987. The history of scabies in veterinary and human medicine from biblical to 

modern times. Vet Parasitol 25: 193-198. 

Rose H., Learmount J., Taylor M., Wall R., 2009. Mapping risk foci for endemic sheep scab. 

Vet Parasitol 165: 112-118. 

Rose H., Wall R., 2009. Pathogenicity of biological control agents for livestock ectoparasites: 

a simulation analysis. Med Vet Entomol 23: 379-386. 

Rose H., Wall R., 2012. Endemic sheep scab: Risk factors and the behaviour of upland sheep 

flocks. Prev Vet Med104: 101-106. 

Ruan J., Xu J., Chen-Tsai RY., Li K., 2017. Genome editing in livestock: Are we ready for a 

revolution in animals breeding industry? Transgenic Res 26:715-726. 

Sallovitz J., Lifschitz A., Imperiale F., Pis A., Virkel G., Lanusse C., 2002. Breed differences 

on the plasma availability of moxidectin administered pour-on to calves. Vet J 164: 47-

53. 

Sanders A., Froggatt P., Wall R., Smith K., 2000. Life‐cycle stage morphology of psoroptes 

mange mites. Med Vet Entomol 14: 131-141. 

Sargison N., 1995. Differential diagnosis and treatment of sheep scab. In Practice 17: 3-9. 

Sargison N., Dun K., Taylor D., 2006. Sheep scab control in UK flocks. Vet Rec 158: 309-309. 

Sargison N., Jackson F., Bartley D., Moir A., 2005. Failure of moxidectin to control 

benzimidazole–, levamisole–and ivermectin-resistant Teladorsagia circumcincta in a 

sheep flock. Vet Rec 156: 105-109. 

Sargison N., Jackson F., Bartley D., Wilson D., Stenhouse L., Penny C., 2007. Observations on 

the emergence of multiple anthelmintic resistance in sheep flocks in the south-east of 

Scotland. Vet Parasitol 145: 65-76. 

Sargison N., Scott P., Jackson F., 2001. Multiple anthelmintic resistance in sheep. Vet Rec149: 

778. 

Sargison N., Scott P., Penny C., Pirie R., 1995. Effect of an outbreak of sheep scab (Psoroptes 

ovis infestation) during mid-pregnancy on ewe body condition and lamb birthweight. 

Vet Rec136: 287-289. 

Sarre C., De Bleecker K., Deprez P., Levecke B., Charlier J., Vercruysse J., Claerebout E., 2012. 

Risk factors for Psoroptes ovis mange on Belgian Blue farms in Northern Belgium. Vet 

Parasitol 190: 216-221. 

Sarre C., Geurden T., Vercruysse J., De Wilde N., Casaert S., Claerebout E., 2015a. Evaluation 

of two intensive treatment schedules against Psoroptes ovis mange in Belgian Blue 

cattle on nine Flemish farms. VLAAMS DIERGENEESKUNDIG TIJDSCHRIFT 84: 

311-317. 

Sarre C., González-Hernández A., Coppernolle S., Grit R., Grauwet K., Meulder F., Chiers K., 



Chapter 1   

 

 

42 

den Broeck W., Geldhof P., Claerebout E., 2015b. Comparative immune responses 

against Psoroptes ovis in two cattle breeds with different susceptibility to mange. Vet 

Res 46: 131. 

Sattelle, DB., Yamamoto, D., 1988. Molecular targets of pyrethroid insecticides. Adv In Insect 

Phys, 20, pp.147-213. 

Scott PR., 2015. Sheep medicine. Manson Publishing, Taylor & Francis group, London. 

Seddiek SA., Khater HF., El-Shorbagy MM., Ali AM., 2013. The acaricidal efficacy of aqueous 

neem extract and ivermectin against Sarcoptes scabiei var. cuniculi in experimentally 

infested rabbits. Parasitol Res 112: 2319-2330. 

Seki Y-i., Inoue H., Nagata N., Hayashi K., Fukuyama S., Matsumoto K., Komine O., Hamano 

S., Himeno K., Inagaki-Ohara K., 2003. Socs-3 regulates onset and maintenance of Th 

2-mediated allergic responses. Nat Med 9: 1047-1054. 

Shaaban HA., El-Ghorab AH., Shibamoto T., 2012. Bioactivity of essential oils and their 

volatile aroma components. J Essent Oil Res 24: 203-212. 

Shang XF., Dai LX., Liu YQ., Zhao ZM., Li JC., Yang GZ., Yang CJ., 2019. Acaricidal activity 

and enzyme inhibitory activity of active compounds of essential oils against Psoroptes 

cuniculi. Vet Parasitol 267: 54-59. 

Shang XF., Miao X., Lv H., Wang D., Zhang J., He H., Yang Z., Pan H., 2014. Acaricidal 

activity of usnic acid and sodium usnic acid against Psoroptes cuniculi in vitro. 

Parasitol Res 113: 2387-2390. 

Shang XF., Wang Y., Zhou X., Guo X., Dong S., Wang D., Zhang J., Pan H., Zhang Y., Miao 

X., 2016. Acaricidal activity of oregano oil and its major component, carvacrol, thymol 

and p-cymene against Psoroptes cuniculi in vitro and in vivo. Vet Parasitol 226: 93-96. 

Shang XF., Miao XL., Wang DS., Li JX., Wang XZ., Yan ZT., Wang CM., Wang Y., He XR., 

Pan H., 2013. Acaricidal activity of extracts from Adonis coerulea Maxim against 

Psoroptes cuniculi in vitro and in vivo. Vet Parasitol 195: 136-141. 

Shilston A., 1915. Sheep scab. Union of South Africa. Dept of Agric. 3rd & 4th Reports of the 

Director of Vet Res: 69-98. 

Singh SK., Dimri U., Sharma B., Saxena M., Kumari P., 2014. Assessment of the cytokine 

profile in peripheral blood mononuclear cells of naturally Sarcoptes scabiei var. canis 

infested dogs. Vet Parasitol 206: 253-257. 

Smith K., Wall R., French N., 2000. The use of entomopathogenic fungi for the control of 

parasitic mites, Psoroptes spp. Vet Parasitol 92: 97-105. 

Smith W., Van Den Broek A., Huntley J., Pettit D., Machell J., Miller H., Bates P., Taylor M., 

2001. Approaches to vaccines for Psoroptes ovis (sheep scab). Res Vet Sci 70: 87-91. 

Soderlund D., Knipple D., 2003. The molecular biology of knockdown resistance to pyrethroid 

insecticides. Insect Biochem Mol Biol 33: 563-577. 

Soll M., Carmichael I., Swan G., Abrey A., 1992. Treatment and control of sheep scab 

(Psoroptes ovis) with ivermectin under field conditions in south Africa. Vet Rec130: 

572-574. 

Solusby E., 1982. Helminthes, arthropods and protozoa of domestic animals 7 th edn. Bailliere 

Tindall, London. 

Stella M., Braun M., Nunez J., 1997. Effect of pre-immunisation with Psoroptes ovis on 



  Chapter 1 

 43 

experimental mange In: 16th Conference of the World Association for the Advancement 

of Veterinary Parasitology, Sun city. 

Stewart G., Fisher W., 1986. Cross-reactivity between the house dust mite dermatophagoides 

pteronyssinus and the mange mites P. cuniculi and P. ovis: I. Demonstration of 

antibodies to the house dust mite allergen Dpt 12 in sera from P. cuniculi-infested 

rabbits. J Allergy Clin Immunol 78: 293-299. 

Stockman S., Berry A., 1913. The Psoroptes communis ovis: Some observations on ova and 

ovipositing. J Comp Pathol and Therap 26: 45-50. 

Stoeckli MR., McNeilly TN., Frew D., Marr EJ., Nisbet AJ., van den Broek AH., Burgess ST., 

2013. The effect of Psoroptes ovis infestation on ovine epidermal barrier function. Vet 

Res 44: 11. 

Stromberg P., Guillot F., 1987. Hematology in the regressive phase of bovine psoroptic scabies. 

Vet Pathol 24: 371-377. 

Stromberg PC., Fisher W., 1986. Dermatopathology and immunity in experimental Psoroptes 

ovis (Acari: Psoroptidae) infestation of naive and previously exposed Hereford cattle. 

Am J Vet Res 47: 1551-1560. 

Stromberg PC., Fisher W., Guillot F., Pruett J., Price R., Green R., 1986. Systemic pathologic 

responses in experimental Psoroptes ovis infestation of Hereford calves. Am J Vet Res 

47: 1326-1331. 

Struyf S., Gouwy M., Dillen C., Proost P., Opdenakker G., Van Damme J., 2005. Chemokines 

synergize in the recruitment of circulating neutrophils into inflamed tissue. Eur J 

Immunol 35: 1583-1591. 

Sturgess-Osborne, C., Burgess, S., Mitchell, S., & Wall, R. 2019. Multiple resistance to 

macrocyclic lactones in the sheep scab mite Psoroptes ovis. Vet Parasitol, 272, 79-82. 

Sweatman GK., 1958. On the life history and validity of the species in psoroptes, a genus of 

mange mites. Canadian Journal of Zoology 36: 905-929. 

Synge B., Bates P., Clark A., Stephen F., 1995. Apparent resistance of Psoroptes ovis to 

flumethrin. Vet Rec 137: 51. 

Tasawar Z., Rauf B., Hayat C., Lashari M., 2007. Prevalence of Psoroptes ovis in sheep around 

Multan, Pakistan. Pak Vet J 27: 199. 

Taylor B., Luke B., Wall R., Taylor M., Moore D., 2009. Effects of sheep fleece washings on 

the germination and growth of Beauveria bassiana. J Invertebr Pathol 100: 79-84. 

Taylor M., Coop R., Wall R., 2007. Text book of Vet Parasitol 3rd edition blackwell publishing 

ltd. Oxford, U. K. 

Teixeira B., Marques A., Ramos C., Serrano C., Matos O., Neng NR., Nogueira JM., Saraiva 

JA., Nunes ML., 2013. Chemical composition and bioactivity of different oregano 

(Origanum vulgare) extracts and essential oil. J Sci Food Agric 93: 2707-2714. 

Thomas WR., Smith W., 1998. House‐dust‐mite allergens. Allergy 53: 821-832. 

Tonnel, AB., Scherpereel, A., Douay, B., Mellin, B., Leprince, D., Goldstein, N., Delecluse, P., 

Andre, C., 2004. Allergic rhinitis due to house dust mites: evaluation of the efficacy of 

specific sublingual immunotherapy. Allergy, 59(5):491-497. 

Traina O., Cafarchia C., Capelli G., Iacobellis NS., Otranto D., 2005. In vitro acaricidal activity 

of four monoterpenes and solvents against Otodectes cynotis (Acari: Psoroptidae). Exp 



Chapter 1   

 

 

44 

Appl Acarol 37: 141-146. 

Uhlir J., 1992. Immunization of rabbits with antigens from Psoroptes cuniculi, the rabbit scab 

mite. Folia Parasitol 39: 375-375. 

Underwood WJ., Blauwiekel R., Delano ML., Gillesby R., Mischler SA., Schoell A., 2015. 

Biology and diseases of ruminants (sheep, goats, and cattle). AMCAL: 623-694.  

Van den Broek A., Burgess ST., 2013. Psoroptes ovis. Vet Allergy: 402-410.  

Van den Broek A., Else R., Huntley J., Machell J., Taylor M., Miller H., 2004. Early innate and 

longer-term adaptive cutaneous immunoinflammatory responses during primary 

infestation with the sheep scab mite, Psoroptes ovis. J Comp Pathol 131: 318-329. 

Van den Broek A., Huntley J., 2003. Sheep scab: The disease, pathogenesis and control. J Comp 

Pathol 128: 79-91. 

Van den Broek A., Huntley J., Halliwell R., Machell J., Taylor M., Miller H., 2003a. Cutaneous 

hypersensitivity reactions to Psoroptes ovis and Der p 1 in sheep previously infested 

with P. ovis—the sheep scab mite. Vet Immunol Immunopathol 91: 105-117. 

Van den Broek A., Huntley J., MacHell J., Taylor M., Bates P., Groves B., Miller H., 2000. 

Cutaneous and systemic responses during primary and challenge infestations of sheep 

with the sheep scab mite, Psoroptes ovis. Parasite Immunol 22: 407-414. 

Van den Broek A., Huntley J., Machell J., Taylor M., Miller H., 2003b. Temporal pattern of 

isotype-specific antibody responses in primary and challenge infestations of sheep with 

Psoroptes ovis—the sheep scab mite. Vet Parasitol 111: 217-230. 

Van den Broek A., Huntley J., Mackellar A., Machell J., Taylor M., Miller H., 2005. 

Characterisation of lesional infiltrates of dendritic cells and T cell subtypes during 

primary infestation of sheep with Psoroptes ovis, the sheep scab mite. Vet Immunol 

Immunopathol 105: 141-150. 

van Mol W., De Wilde N., Casaert S., Chen Z., Vanhecke M., Duchateau L., Claerebout E., 

2020. Resistance against macrocyclic lactones in Psoroptes ovis in cattle. Parasite 

Vector 13: 1-9. 

Veiga-Parga T., 2016. Regulatory T cells and their role in animal disease. Vet Pathol 53: 737-

745. 

Velasquez-Munoz A., Manriquez D., Paudyal S., Solano G., Han H., Callan R., Velez J., Pinedo 

P., 2019. Effect of a mechanical grooming brush on the behavior and health of recently 

weaned heifer calves. BMC Vet Res 15: 1-8. 

Vercruysse J., Deprez P., Everaert D., Bassissi F., Alvinerie M., 2008. Breed differences in the 

pharmacokinetics of ivermectin administered subcutaneously to Holstein and Belgian 

Blue calves. Vet Parasitol 152: 136-140. 

Vercruysse J., Rew RS., 2002. Macrocyclic lactones in antiparasitic therapy. CABI Publishing, 

Oxford, UK. 

Vignali DA., Collison LW., Workman CJ., 2008. How regulatory T cells work. Nat Rev 

Immunol 8: 523-532. 

Vroling A., Jonker M., Breit T., Fokkens W., Drunen Cv., 2008. Comparison of expression 

profiles induced by dust mite in airway epithelia reveals a common pathway. Allergy 

63: 461-467. 

Wall R., 2012. Psoroptic mange in cattle and the Ghost of Christmas yet to come. Vet Rec 170: 



  Chapter 1 

 45 

357-358. 

Wall R., Bates P., 2011. Sheep scab control using trans-cinnamic acid. Vet Parasitol 175: 129-

134. 

Wall R., Kolbe K., 2006. Taxonomic priority in psoroptes mange mites: P. ovis or P. equi? Exp 

Appl Acarol 39: 159-162. 

Wall R., Smith K., Berriatua E., French N., 1999. Simulation analysis of the population 

dynamics of the mite, Psoroptes ovis, infesting sheep. Vet Parasitol 83: 253-264. 

Waldron, R., McGowan, J., Gordon, N., McCarthy, C., Mitchell, E.B., Doyle, S., Fitzpatrick, 

D.A., 2017. Draft genome sequence of Dermatophagoides pteronyssinus, the European 

house dust mite. Genome Announc, 5: e00789-17. 

Walton SF., McKinnon M., Pizzutto S., Dougall A., Williams E., Currie BJ., 2004. Acaricidal 

activity of Melaleuca alternifolia (tea tree) oil: In vitro sensitivity of Sarcoptes scabiei 

var. hominis to terpinen-4-ol. Arch Dermatol 140: 563-566. 

Walton SF., Oprescu FI., 2013. Immunology of scabies and translational outcomes: identifying 

the missing links. Curr Opin Infect Dis 26: 116-122. 

Wan H., Winton H., Soeller C., Taylor G., Gruenert D., Thompson P., Cannell M., Stewart G., 

Garrod D., Robinson C., 2001. The transmembrane protein occludin of epithelial tight 

junctions is a functional target for serine peptidases from faecal pellets of 

dermatophagoides pteronyssinus. Clin Exp Allergy 31: 279-294. 

Wan H., Winton HL., Soeller C., Tovey ER., Gruenert DC., Thompson PJ., Stewart GA., Taylor 

GW., Garrod DR., Cannell MB., 1999. Der p 1 facilitates transepithelial allergen 

delivery by disruption of tight junctions. J Clin Invest 104: 123-133. 

Wang JY., 2013. The innate immune response in house dust mite-induced allergic inflammation. 

Allergy Asthma Immunol Res 5: 68-74. 

Wang S., Gu X., Fu Y., Lai S., Wang S., Peng X., Yang G., 2012. Molecular taxonomic 

relationships of Psoroptes and Chorioptes mites from china based on COI and 18s 

rDNA gene sequences. Vet Parasitol 184: 392-397. 

Watkins C., Mackellar A., Frew D., Mackie C., George A., Hopkins J., Burgess S., McNeilly 

T., Huntley J., 2009. Gene expression profiling of ovine keratinocytes stimulated with 

Psoroptes ovis mite antigen–a preliminary study. Parasite Immunol 31: 304-311. 

Wells B., Burgess ST., McNeilly TN., Huntley JF., Nisbet AJ., 2012. Recent developments in 

the diagnosis of ectoparasite infections and disease through a better understanding of 

parasite biology and host responses. Mol Cell Probes 26: 47-53. 

Wells B., Burgess ST., Nisbet AJ., 2013a. Characterization of the ovine complement 4 binding 

protein-beta (C4BPB) chain as a serum biomarker for enhanced diagnosis of sheep scab. 

Mol Cell Probes 27: 158-163. 

Wells B., Innocent GT., Eckersall PD., McCulloch E., Nisbet AJ., Burgess ST., 2013b. Two 

major ruminant acute phase proteins, haptoglobin and serum amyloid A, as serum 

biomarkers during active sheep scab infestation. Vet Res 44: 103. 

Wharton D., 1993. Parasites of economic importance in New Zealand. Parasitol Today 9: 438-

439. 

Wikel SK., 1984. Immunomodulation of host responses to ectoparasite infestation–an overview. 

Vet Parasitol 14: 321-339. 



Chapter 1   

 

 

46 

Wildblood L., Jones D., 2007. Stimulation of the in vitro migration of ovine eosinophils by 

factors derived from the sheep scab mite, Psoroptes ovis. Vet Res Commun 31: 197. 

Wildblood L., Meikle L., Huntley J., Jones D., 2005. Does immune status influence breed 

susceptibility to infection with the ectoparasitic mite, Psoroptes ovis? Immunol:116. 

Willadsen P., 1999. Immunological control of ectoparasites: past achievements and future 

research priorities. Genet Anal: Biomol Eng 15: 131-137. 

Wilson, DR., Torres Lima, M., Durham, SR., 2005. Sublingual immunotherapy for allergic 

rhinitis: systematic review and meta‐analysis. Allergy, 60(1): 4-12. 

Wilson G., Blachut K., Roberts I., 1977. The infectivity of scabies (mange) mites, Psoroptes 

ovis (Acarina: Psoroptidae), to sheep in naturally contaminated enclosures. Res Vet Sci 

22: 292-297. 

Wright F., Guillot F., 1984. Effect of ivermectin in heifers on mortality and egg production of 

Psoroptes ovis. Am J Vet Res 45: 2132-2134. 

Wright FC., 1990. Preliminary trials using a macrocyclic lactone against psoroptic scabies of 

cattle. Vet Parasitol 34: 289-294. 

Wright FC., Deloach JR., 1981. Feeding of Psoroptes ovis (Acari: Psoroptidae) on cattle. J Med 

Entomol 18: 349-350. 

Wu H., Wang Y., Zhang Y., Yang M., Lv J., Liu J., Zhang Y., 2015. Tale nickase-mediated 

SP110 knockin endows cattle with increased resistance to tuberculosis. PNAS 112: E 

1530-1539. 

Zahler M., Hendrikx WM., Essig A., Rinder H., Gothe R., 2000. Species of the genus Psoroptes 

(Acari: Psoroptidae): A taxonomic consideration. Exp Appl Acarol 24: 213-225. 

Zhao, Y., Zhang, WY., Wang, RL., Niu, DL., 2020. Divergent domains of 28S ribosomal RNA 

gene: DNA barcodes for molecular classification and identification of mites. Parasite 

Vectors, 13, pp.1-12. 

Zheng W., Tang Q., Zhang R., Jise Q., Ren Y., Nong X., Wu X., Gu X., Wang S., Peng X., 2013. 

Vaccination with recombinant actin from scab mites and evaluation of its protective 

efficacy against Psoroptes cuniculi infection. Parasite Immunol 35: 91-98. 

Zobel G., Neave HW., Henderson HV., Webster J., 2017. Calves use an automated brush and a 

hanging rope when pair-housed. Animals 7: 84.



 

  

 

 

 

 

 

 

Chapter 2.  

Aims of the thesis 



 

 

 



  Chapter 2 

 49 

Psoroptes ovis, the causative agent of psoroptic mange, causes severe allergic dermatitis and 

intense pruritus in sheep and cattle. The disease is highly contagious and causes impaired 

animal welfare and economic losses due to performance loss and substantial treatment costs in 

livestock production all over the world. In cattle, psoroptic mange is still a severe problem, 

especially observed in Belgian Blue (BB) beef farms. The BB cattle breed is highly susceptible 

to P. ovis infestation, whilst other breeds such as Holstein Friesian (HF), seem to be more 

resistant. The reason for this difference has not been clarified yet, but could be caused by host 

factors, such as genetic and immunologic variations. Although currently available treatments 

still work to some degree, psoroptic mange is increasingly difficult to treat, possibly due to the 

development of acaricide resistance. Therefore, alternative control measures should be 

investigated.  

One possible alternative is the use of natural essential oil compounds as short-term acaricides. 

Another possible (long-term) alternative is vaccination or immunotherapy. However, there is 

little information about the immune response against P. ovis in cattle. In a previous study in 

our lab, IL-17 was associated with a higher sensitivity to P. ovis in BB, compared to HF cattle. 

However, this study was performed in naturally infested animals, which made it impossible to 

control infestation levels and to determine the onset of infestation. 

Therefore, the aims of this thesis are:  

• to confirm the acaricidal activity of plant-derived essential oil components against P. ovis 

in vitro and in vivo, and to investigate the reaction of the bovine skin to treatment with 

plant-derived essential oil components; 

• to study the induction and the further development of the immune response in artificially 

infested BB and HF cattle, and to investigate the reason for the higher sensitivity of BB 

versus HF cattle;  

• to monitor the effect of anti-inflammatory treatment with dexamethasone on the 

development of psoroptic mange in BB cattle. 
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Summary 

Treatment of Psoroptes ovis in cattle is limited to topical acaricides or systemic treatment with 

macrocyclic lactones. Treatment failure of macrocyclic lactones has been reported. The aim of 

this study was to evaluate a potential alternative treatment against P. ovis. The acaricidal 

activity against P. ovis of four plant-derived essential oil components, i.e. geraniol, eugenol, 

1,8-cineol and carvacrol was assessed in vitro and in vivo. In vitro contact, fumigation and 

residual bioassays were performed. In addition, 12 Belgium Blue cattle were artificially 

infested and treated topically once a week for three successive weeks with carvacrol in Tween-

80 (treatment group) or with Tween-80 alone (control). The efficacy of carvacrol was 

determined by the reduction in lesion size and mite counts. Six additional animals were 

topically treated with carvacrol to assess local adverse reactions. Three components showed a 

concentration-dependent acaricidal activity in a contact assay, with LC50 of 0.56, 0.38, and 

0.26% at 24 h for geraniol, eugenol, and carvacrol, respectively. However, 1,8-cineol showed 

no activity at any of the tested concentrations in a contact bioassay. In a fumigation bioassay, 

carvacrol killed all mites within 50 min after treatment, whereas geraniol, eugenol, and 1,8-

cineol needed 90 to 150 min. Following a 72 h incubation period in a residual bioassay, 

carvacrol killed all mites after 4 h of exposure to LC90, while geraniol and eugenol killed all 

mites only after 8 h exposure. Based on these results, carvacrol was further assessed in vivo. 

Mite counts in the treatment group were reduced by 98.5 ± 2.4% at 6 weeks post-treatment, 

while in the control group, the mite population had increased. Topical application of carvacrol 

only caused mild and transient erythema 20 min after treatment. No other side effects were 

observed. Considering the strong acaricidal activity of carvacrol in vitro and in vivo and the 

mild and transient local side effects, carvacrol shows potential as an acaricidal agent in the 

treatment of P. ovis in cattle. 
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Introduction 

Psoroptes ovis is a common ectoparasitic mite of sheep, cattle and rabbits. It is the causative 

agent of a ubiquitous skin disease, which is commonly referred to as psoroptic mange. 

Psoroptic mange affects animal health and can ultimately have a lethal outcome, leading to 

financial losses and animal welfare issues (Guillot, 1981; Jones et al., 2008; Lonneux et al., 

1998; Millar et al., 2011; Mitchell, 2010). 

Psoroptic mange can be treated by local administration of amitraz or pyrethroids or systemic 

administration of macrocyclic lactones. Although chemical drugs have been highly effective 

against psoroptic mange in the past decades (Hamel et al., 2015; Rehbein et al., 2002; Rehbein 

et al., 2003; Zaman et al., 2017), their frequent and/or incorrect usage has resulted in a reduced 

efficacy due to emerging drug resistance, leading to inadequate control (Doherty et al., 2018; 

Lekimme et al., 2010; Lifschitz et al., 2018). Consequently, there is an urgent need to develop 

new effective and safe acaricidal agents for treatment and control of animal acariasis.  

Several studies in recent years have focused on the bioactive effects of plant-derived products 

against ectoparasites, including essential oils. For instance, some essential oils, such as oregano 

oil, lavender, tea tree oil and neem oil, have been tested against Sarcoptes scabiei and Psoroptes 

spp. and seem to have strong acaricidal efficacy in vitro (Ellse and Wall, 2014; Fang et al., 

2016; Macchioni et al., 2006; Pasay et al., 2010; Seddiek et al., 2013; Shang et al., 2016; Shang 

et al., 2013; Wall and Bates, 2011). Several essential oils were also tested in vivo against S. 

scabiei in rabbits, goats and pigs (Aboelhadid et al., 2016; Kebede and Negese, 2017; Mägi et 

al., 2006; Nong et al., 2013b), against P. cuniculi in rabbits (Fichi et al., 2007a; Fichi et al., 

2007b; Guo et al., 2017; Shang et al., 2016) and against Chorioptes texanus in cattle (Nong et 

al., 2014). Essential oils are volatile oils which are naturally produced by plants as secondary 

compounds, and are commercially available as concentrated products containing volatile 

aroma compounds (Bakkali et al., 2008; Shaaban et al., 2012). In general, essential oils are 

particularly attractive over chemical acaricides, given their low animal toxicity and short 

environmental persistence (George et al., 2014), although a limited number of studies have 

displayed phytotoxic effects of essential oils (Cloyd et al., 2009). Furthermore, essential oils 

are known to have a complex chemistry which significantly hampers the development of drug 

resistance against these compounds. On the downside however, essential oils often represent a 

complex mixture of compounds which makes it difficult to pinpoint the acaricidal activity to a 

certain compound or a composition of compounds. Another potential disadvantage is skin 

irritation, which has been described in humans (Thomas et al., 2016).  
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In previous research, geraniol, eugenol, carvacrol and 1,8-cineol showed good acaricidal 

activity against S. scabiei (Hu et al., 2015; Pasay et al., 2010), P. cuniculi (Ma et al., 2019; 

Perrucci et al., 1995; Shang et al., 2019) or P. ovis (Dunn et al., 2016) in vitro, but to our 

knowledge pure compounds have not been tested in vivo. In the present study, we aimed to 

assess the potential acaricidal activity of four essential oil compounds (geraniol, eugenol, 

carvacrol and 1,8-cineol) against P. ovis in vitro and in vivo in cattle, to develop novel and safe 

antiparasitic drugs. 

Materials and Methods 

Compounds 

Geraniol (NO: 48798), eugenol (NO: 35995), carvacrol (NO: 42632), 1,8-cineol (NO: 29210), 

Tween-80 (NO: P1754), paraffin oil (NO: 18512) and mineral oil (NO: M5904) were 

purchased from Sigma-Aldrich (Brussels, Belgium) for in vitro assays. Carvacrol (NO: 

W224511) was purchased from Sigma-Aldrich for an in vivo assay. All compounds were 

commercially available as samples purified to 99% (analytical reagent > 99%). 

Psoroptes ovis mites 

Adult P. ovis mites were isolated from naturally infested cattle. Skin scrapings were collected 

from the edge of the skin lesions on the back and were stored at 10 °C overnight. The next day, 

collected skin scrapings were incubated in Petri dishes at 30 °C for 10 min. Live adult mites 

(male and female) were picked up with a needle and identified under a stereomicroscope (400 

magnification) as P. ovis based on morphological criteria (Pegler et al., 2005). 

Contact assay 

In order to evaluate the acaricidal activity of four plant-derived essential oil compounds 

(geraniol, eugenol, carvacrol and 1,8-cineol) on adult P. ovis mites, an acaricide contact assay 

(immersion test) was performed as described by Fichi et al. (Fichi et al., 2007a). Two-fold 

serial dilutions of the four compounds were made in paraffin oil (geraniol, carvacrol and 1,8-

cineol) or in mineral oil (eugenol) to reach final concentrations of 5.0, 2.5, 1.25, 0.63, 0.32 and 

0.16 % (v/v). Next, 10 adult mites were immersed in each of the different oil concentrations 

and inspected under a stereomicroscope at 1, 2, 4, 6, 8, 10, 12 and 24 h post-immersion. Liquid 

paraffin oil or mineral oil was used as a negative control. Immobility of adult mites and a lack 

of reactions or persistent immobility within 1 min following stimulation with a needle were 

considered indications of death. The immersion test for all dilutions was performed at 30 ± 
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1 °C and at 55 ± 5% relative humidity. The test was repeated twice independently and three 

replicates were run concurrently for all tested dilutions. 

Fumigation assay 

To assess the fumigant toxicity of the four compounds, a fumigation assay was performed as 

described by Fang et al. (Fang et al., 2016). A droplet (15 μl) of the undiluted compound was 

added to the bottom of a plastic Petri dish (3 cm in diameter). Ten adult mites were placed on 

the centre of the lid and covered with a filter paper to restrain the mites. The Petri dish was 

subsequently closed. Control Petri dishes were treated with paraffin oil or mineral oil. The 

mites were observed every 10 min under a stereomicroscope until 150 min after the start of the 

experiment. At each timepoint, the number of viable mites was counted. All tests were 

performed at 30 ± 1 °C and at 55 ± 5% relative humidity. The test was performed twice 

independently and three replicates were run in each test. 

Residual assay 

LC50 and LC90 values (at 1h post treatment) obtained from the contact assays were used in a 

residual activity assay to determine the residual activity of geraniol, eugenol and carvacrol. 

The effective concentrations (LC50 and LC90) of these compounds were prepared in paraffin oil 

or mineral oil in Eppendorf tubes (1.5 ml) and incubated with the lids open for 24, 48, 72, 120 

and 168 h. Following incubation, batches of 10 adult mites were brought into contact with the 

different compounds as described above for the immersion test. Paraffin oil or mineral oil was 

used as a negative control. Live mites were checked at 1, 4, 8 and 24 h post-treatment. All tests 

were performed twice at 30 ± 1 °C and at 55 ± 5% relative humidity and three replicates were 

run in each test for all tested compounds. 

In vivo assay 

Twelve healthy Belgian Blue calves (4–12 months-old) were included in the in vivo study. All 

calves were free of mite and lice infestation as determined by thorough body inspection and 

examination of skin scrapings prior to the experiment. The animals were randomly allocated 

to either the control group or the treatment group. To assess the acaricidal activity of carvacrol 

in vivo, calves were experimentally infested with 400 P. ovis mites (nymphs and adults) by 

placing mites directly onto the skin at the left and right side of the withers (200 mites/side) 

with a filter paper to prevent them from escaping. The filter papers were kept in place by tying 

a rubber band around the animal’s chest. All animals were individually stanchioned and 

refrained from scratching by a metal frame around the neck throughout the trial to limit self-
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grooming behaviour and prevent disruption of the developing lesions (Hamel et al., 2015; 

Rehbein et al., 2003).  

In the treatment group, calves received a topical treatment with 2% carvacrol emulsified in 

Tween-80 (2%) (Kebede and Negese, 2017), while in the control group calves received 

treatment with Tween-80 (2%) only. In both groups, approximately 0.4 ml of the emulsion was 

applied per cm2 of lesion (Wall and Bates, 2011) by using a 500 ml plastic garden sprayer 

which was adjusted to give a steady jet (as opposed to a fine spray). The sprayer was calibrated 

prior to use; a single squirt was estimated to deliver approximate 0.5 ml. In addition, as a cross 

check, the volume of compound solution remaining at the end of the treatment application was 

measured. The treatment was applied three times with weekly intervals. Following treatment 

administration, the lesion sizes were monitored weekly starting from the day of infestation 

(Week 0) until the end of the study (Week 12). A clinical index (CI) was assigned to all animals 

by recording the skin lesions (on both sides of the animal) on a silhouette (Guillot, 1981). At 

each visit, the investigator assessed the surface of all the lesions on the animal’s body in the 

grid and then counted the percentage affected by lesions. CI was recorded as follows: 0, healthy 

skin; 1, lesions surface < 10% of body surface; 2, lesions surface 10–20% of body surface; 3, 

lesions surface 20–30% of body surface; 4, lesions surface > 30% of body surface. 

Additionally, the number of P. ovis mites in active lesions was counted before treatment (Week 

6 post-infestation) and weekly after receiving the third treatment (Week 9–12). This was done 

by taking skin scrapings from the edges of active lesions or, if lesions regressed during the 

study, from the area where active lesions were at the study commencement, according to the 

guidelines of the World Association for the Advancement of Veterinary Parasitology 

(Vercruysse et al., 2006). In total three lesion sites per animal were sampled by scraping an 

area of 9 cm2 per lesion. Samples were examined within 24 h of collection to identify and count 

P. ovis mites.  

The acaricide efficacy of carvacrol was determined by comparing the reduction in lesion size 

(CI) and the number of viable mites in the treated group with the control group using Abbott’s 

formula [% efficacy = (C-T)/C × 100] (Abbott, 1925). In this formula, C and T are the 

geometric mean lesion size or mite count in the control group and treated group, respectively.  

On Week 12, all animals were treated topically with amitraz (Taktic®) at the recommended 

dose. Amitraz treatment was applied twice with a one-week interval. Animals were handled 

and treated with due regard for their welfare and in compliance with animal welfare legislation. 
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The experiment was approved by the Ethical Committee of the Faculties of Veterinary 

Medicine and Bioengineering Sciences of Ghent University (EC2017/114), Ghent, Belgium. 

Skin irritation assay 

Six Belgian Blue calves (4–12 months old) were included. Animals were handled and treated 

with due regard for their welfare and in compliance with animal welfare legislation. The test 

area (15 15 cm) at both thighs of all animals was shorn on Day -2. Two days later (Day 0), 

the test area was washed with water and the animals were allowed to dry. The treatment side 

and the control side were then treated once topically with 2% carvacrol in Tween-80 (2%) 

emulsion or only Tween-80 (2%), respectively, at a rate of approximately 0.4 ml/cm2 of skin. 

Following treatment, locations of erythema and oedema were monitored at 20 min, 6 h, 24 h 

and 48 h post-treatment. Skin was evaluated for erythema and oedema according to the Draize 

system (Draize et al., 1994) for erythema (0, no change; 1, very slight change; 2, pale red in 

defined area; 3, definite red in well-defined area; 4, crimson red) and for edema (0, no change; 

1, very slight change; 2, slight change with edges barely defined; 3, moderate change with area 

raised 1 mm; 4, severe change with area raised > 1mm and extending beyond the exposure 

area). 

To assess histological alterations during the study, skin biopsies were removed from each 

animal before treatment and at 20 min, 6 h, 24 h and 48 h post-treatment using a disposable 4-

mm biopsy punch (Kai Europe GmbH, Solingen, Germany), following the administration of a 

local anaesthetic (3 ml, 4% procainii hydrochloridum and 0.0036% adrenalini tartras) (KELA, 

Sint-Niklaas, Belgium). Skin tissues were fixed in 4% paraformaldehyde, processed and 

embedded in paraffin wax. Subsequently 5-μm sections of tissue were stained with 

haematoxylin and eosin (H&E) or Giemsa and examined microscopically. The width of the 

stratum corneum and eosinophil and mast cell counts were used to describe the 

histopathological changes of the skin sections. 

Statistical analysis 

Survival times of mites in the treatment and control groups were analyzed by the Cox 

proportional hazards model (David, 1972). Kaplan-Meier survival curves of mites for each 

treatment group were generated and survival was compared using the log-rank test. 

Additionally, the time to 50% mortality (LT50) was derived from the survival analysis. 

Alternatively, the median lethal concentration (LC50) at a particular time point of observation 

was calculated using a generalized linear model with binomially distributed error term.  
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The two-sided nonparametric Mann-Whitney test was used to compare the proportional 

reduction of mite counts and clinical score between the control group and the treatment group 

in vivo at Week 9 and for period Week 9–12. Missing values in the control group (due to salvage 

treatment) were replaced by the last observation carried forward. All analyses were performed 

in R v.3.5.1 (R Core Team, 2020). 

Results 

Contact assays 

After immersion with any of the four compounds, the mites displayed excited behavior and 

moved in circles prior to slowing down and eventually dying. Geraniol, eugenol and carvacrol 

displayed strong acaricidal activity against adult P. ovis mites in vitro upon direct contact with 

these compounds (Fig. 1). Indeed, when the concentration of these compounds exceeded 2.5% 

the mortality rate amongst adult mites was 100% within 1 h. At lower concentrations, eugenol 

and carvacrol showed a dose-dependent acaricidal activity and a low mortality rate was 

observed when adult mites were brought into contact for 24 h with a concentration of 0.16%. 

Geraniol had no activity at concentrations below 0.63% and 1,8-cineol did not show any 

acaricidal activity at any of the concentrations tested. Paraffin and mineral oil (negative 

controls) displayed no acaricidal activity against adult P. ovis (Fig. 1). Within 1 h of direct 

contact, geraniol displayed the lowest LC50 value compared with the other three compounds 

(Fig. 2). After 24 h of immersion, carvacrol displayed the lowest LC50 value (0.26%), followed 

by eugenol (0.38%) and geraniol (0.56%). 

 



Chapter 3   

60 

 

 

Figure 1. Survival curves of adult P. ovis mites exposed to different concentrations of geraniol, eugenol, 

carvacrol and 1,8-cineol in an acaricidal contact assay (immersion test). Eugenol was diluted with 

mineral oil, and the others were diluted with paraffin oil.  

 

 

Figure 2. Estimated LC50 values of geraniol, eugenol, and carvacrol in an acaricidal contact assay 

(immersion test) as a function of time.  

 

Fumigation assays 

The LT50 values of geraniol, eugenol, carvacrol and 1,8-cineol in a fumigation assay (Fig. 3) 

were 40, 67, 24 and 35 min, respectively. Paraffin oil and mineral oil (control group) did not 

show any activity against adult mites. All mites were killed within 50 min of treatment with 
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carvacrol whereas geraniol, eugenol and 1,8-cineol needed 90, 150 and 90 min, respectively 

(Fig. 3). 

 

Figure 3. Survival curve of adult Psoroptes ovis mites exposed to undiluted geraniol, eugenol, carvacrol 

and 1,8-cineol in a fumigation assay. 

 

Residual assays 

When carvacrol was incubated for 72 h at LC90 concentrations, it was still able to kill 100% of 

the mites following 4 h of immersion, while geraniol and eugenol incubated for 72 h at LC90, 

needed 8 h of immersion to kill all adult mites. When incubated for 72 h at LC50, geraniol, 

eugenol and carvacrol needed 8 h of immersion to kill all adult mites. Following 120 h of 

incubation the efficacy of all three natural compounds declined sharply (Fig. 4). 
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Figure 4. Survival curves of adult P. ovis mites exposed to LC50 and LC90 values of geraniol, eugenol, 

and carvacrol following incubation of these compounds for 24, 48, 72, 120 and 168 h in a residual 

activity assay.  

 

In vivo assay 

In the treated group, no living mites were recovered at the third treatment (Week 9). In contrast, 

the number of living mites in the control group was increased at Week 9, and the proportional 

reduction of mite counts was significantly higher in the treatment group as compared to the 

control group after the third treatment (U = 0, Z = -2.88, P = 0.0028). In the post-treatment 

period (Week 9–12), a few mites were recovered from 1 or 2 animals in the treated group (Table 

1). In the control group, the mite population increased after sham treatment, resulting in a 

significant difference (U = 0, Z = -2.88, P = 0.0043) between the mean proportional reduction 

of mite counts in both groups over the period Week 9–12. 
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Table 1. Mite counts of P. ovis infested calves treated with carvacrol and Tween-80 (treatment group) 

or Tween-80 alone (control group), before infestation (W0), before treatment (W6) and throughout the 

post-treatment period (W9–W12). 

Animal number 
Mites counts (weeks after infection) 

W0 W6 W9 W10 W11 W12 

Treatment 

7530 0 40 0 0 2 2 

2517 0 49 0 1 1 2 

992 0 10 0 0 0 0 

828 0 13 0 0 0 0 

8386 0 385 0 0 0 0 

9647 0 184 0 0 0 0 

Mean 0 113.5 0 0.2 0.5 0.7 

Control 

7937 0 669 486 634 635 – 

9392 0 59 258 446 214 – 

8670 0 346 497 360 419 78 

2141 0 18 265 561 422 384 

1345 0 463 618 704 – – 

2138 0 140 432 572 – – 

Mean 0 282.5 426 546.2     

Note: “–” The control group was treated topically with amitraz (Taktic®) at the recommended dose. 

Active lesions with wet crusts adherent to the skin were observed on the withers and back of 

all calves after 6 weeks of infestation. In the control group, the CI increased during the whole 

study period. According to WAAVP guidelines (Vercruysse et al., 2006), all control group 

animals were treated topically with amitraz at week 12 or before for animal welfare reasons. 

The CI of the control group was significantly higher than that of the carvacrol group after the 

third treatment (U = 0, Z = -2.88, P = 0.0023) (Fig. 5). At the end of the animal trial (Week 9–

12), a significant difference remained between control and treatment group (U = 0, Z = -2.88, 

P = 0.0027). Although the surface of the skin lesions in the treatment group did not decrease 

after treatment, the lesions appearance changed from active to healing lesions from one week 

following treatment. Indeed, as the experiment developed, the treated calves appeared to suffer 

less from pruritus and self-trauma than the control group. 
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Figure 5. Clinical index (mean ± SD) of P. ovis infested calves treated with carvacrol and Tween-80, 

before infestation (Week 0), 6 weeks after infestation, prior to treatment (W6 = D0) and throughout the 

post-treatment period. Clinical index is based on the lesion-involved skin areas (0, healthy skin; 1, 

lesions square < 10% of body surface; 2, lesions square on 10-20% of body surface; 3, lesions square 

on 20–30% of body surface; 4, lesions square > 30% of body surface).  

 

Skin irritation assay 

Following the application of 2% carvacrol with Tween-80 (2%) to calves’ skin, the treated 

calves developed mild erythema 20 min post-treatment (Fig. 6). This redness had disappeared 

by 6 h post-treatment. There was no reaction in the control group. Oedema was not observed 

in any animal. The numbers of eosinophils and mast cells in the superficial and deep dermis 

were not significantly different between the treatment group and the control group (Fig.7). 

 

Figure 6. Clinical observations of the BB cattle skin treated with 2% carvacrol in Tween-80 (2%) (a1–

a5) and only Tween–80 (2%) (b1–b5) at 0 min (a1, b1), 20 min (a2, b2), 6 h (a3, b3), 24 h (a4, b4), 

and 48 h (a5, b5). 
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Figure 7. Histological cell counts (meanSEM) in the epidermis/superficial dermis and the deep dermis 

of skin biopsies in Belgian Blue cattle that were treated with 2% carvacrol in Tween-80 (2%) on Time 

0 (Treatment group) or with Tween-80 (2%) (Control group). The results are presented as mean number 

of eosinophils and mast cells per 105 m2. Statistical significance between two groups was assumed at 

*=p<0.017. 

 

Discussion 

Prior work has documented that chemical acaricidal products, such as ivermectin long-acting 

injectable, protected cattle against P. ovis for as long as 8 weeks (Hamel et al., 2015; Rehbein 

et al., 2002). However, the macrocyclic lactones have long meat withdrawal periods, before 

which treated sheep or cattle cannot be slaughtered for human consumption (Bates, 2004). 

Recent studies also reported resistance to macrocyclic lactones in P. ovis in sheep and cattle 

(Doherty et al., 2018; Lifschitz et al., 2018). To solve those issues, much effort has been focused 

on the development of natural acaricides, which may decrease the negative impact of synthetic 

acaricides, such as residues, resistance and environmental pollution. In this respect, plant-

derived essential oils against ectoparasites may be effective, biodegradable and less harmful to 

the environment (George et al., 2014; George et al., 2008).  

Previous studies have shown that a large number of essential oils had acaricidal activity in vitro 

and in vivo. Clove oil, tea tree oil, eucalyptus oil, eupatorium extracts and lemon oil caused 
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significant mortality in S. scabiei (Aboelhadid et al., 2016; Fang et al., 2016; Kebede and 

Negese, 2017; Nong et al., 2013a; Pasay et al., 2010; Thomas et al., 2016); cinnamon oil, 

oregano oil, Laurus and rhododendron in P. cuniculi (Ellse and Wall, 2014; Fang et al., 2016; 

Fichi et al., 2007b; Guo et al., 2017; Macchioni et al., 2006); and trans-cinnamic acid in P. ovis 

(Wall and Bates, 2011). Although the acaricidal efficacy of many essential oils has been well 

documented, the involved mechanism and effective ingredients of the acaricidal activity are 

barely understood. This is due to the complex composition of essential oils. Further studies 

suggested that the efficacy of essential oils for control of ectoparasites can be attributed to the 

major compounds such as thymol, geraniol, eugenol, carvacrol and terpinen-4-ol (Dunn et al., 

2016; Pasay et al., 2010; Perrucci et al., 1995; Shang et al., 2016). The present study aimed to 

select potential pure compounds against P. ovis in vitro and in vivo.  

In the present study, geraniol, eugenol and carvacrol exhibited a significant time- and 

concentration-dependent acaricidal activity against P. ovis. Contact assays demonstrated that 

carvacrol at concentrations higher than 0.63% (equal to 6.15 mg/ml) was able to kill all mites 

after 10 h, whereas at concentrations lower than 0.32% (equal to 3.07 mg/ml), the efficacy of 

carvacrol was limited (Fig. 1). The results are in line with a previous report, where 1% carvacrol 

led to 100% mortality of P. ovis mites and 0.1% carvacrol showed limited effect on the mites 

72 h post-treatment (Dunn et al., 2016). However, Shang et al. (Shang et al., 2019) found that 

the LC50 of carvacrol at 24 h post-treatment against P. cuniculi was only 336.51 μg/ml, 

suggesting a higher efficacy of carvacrol.  

Our study demonstrated that the minimum concentration of eugenol leading to 100% mortality 

is 1.25% (equal to 13.34 mg/ml) after 24 h (Fig. 1), and the LC50 of eugenol at 24 h was 0.38% 

(equal to 4.05 mg/ml) (Fig. 2). Similarly, Perrucci et al. (Perrucci et al., 1995) showed that 

eugenol at concentrations more than 0.125% killed nearly 100% of P. cuniculi mites after direct 

contact for 48 h. However, in the study of Ma et al. (Ma et al., 2019), concentrations of eugenol 

 2 mg/ml killed all P. cuniculi mites in less than 18 h. In addition, Shang et al. (Shang et al., 

2019) reported that the LC50 of eugenol against P. cuniculi mites at 24 h post treatment was 

only 56.61 μg/ml. These results were markedly different with our results, as Ma et al. (Ma et 

al., 2019) and Shang et al. (Shang et al., 2019) reported much lower effective concentrations 

for carvacrol and/or eugenol than in the present study. Considering that P. cuniculi and P. ovis 

are the same species (Juan et al., 2015), this inconsistency could be attributed to differences in 

the experimental design, such as the use of filter paper versus immersion and the use of 

different solvents. For instance, during the incubation of mites on filter paper in the study of 
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Shang (Shang et al., 2019), the solvent (mainly water) could have evaporated, resulting in 

increasing concentrations of the active compound and a higher efficacy. In contrast, eugenol 

does not easily evaporate from mineral oil.  

In the present study, geraniol, at concentrations higher than 1.25%, showed 100% acaricidal 

activity after one hour of contact with P. ovis mites. This mortality decreased significantly to 

40% when geraniol was diluted to 0.63% (equal to 5.54 mg/ml) and the mortality was 0% at 

concentrations lower than 0.63% (Fig. 1). In the study of Dunn et al. (Dunn et al., 2016), 1% 

geraniol induced 100% mortality of P. ovis after 72 h, but 0.1% geraniol showed limited effect 

on the mites, which is in line with our results. Traina et al. (Traina et al., 2005) showed that the 

concentrations of geraniol above 5% were able to kill all mites [Otodectes cynotis (Acari: 

Psoroptidae)] within one hour, while it took 14 h for 1% geraniol to reach the same mortality. 

Exposure of D. gallinae to 0.5–2% of geraniol over a period of 24 h resulted in 100% mortality 

at all concentrations used (George et al., 2009). These results indicate that geraniol at a high 

concentration shows a rapid acaricidal effect against a wide range of ectoparasites, but at low 

concentrations the efficacy may vary between mite species. 

1,8-cineol had no acaricidal activity on P. ovis 24 h post-treatment in our study, even at a 

concentration of 5%. Interestingly, Hu et al. (Hu et al., 2015) showed by immersion assays that 

when the concentration of 1,8-cineol was lower than 5%, 1,8-cineol had efficacy against S. 

scabiei larvae, suggesting that a higher concentration of 1,8-cineol is needed to kill adult P. 

ovis mites than S. scabiei larvae. 

The results of the fumigation assays demonstrated a strong efficacy of the tested natural 

compounds on P. ovis (Fig. 3). However, the fumigant efficacy of the four compounds did not 

exactly match their contact efficacy. For example, 1,8-cineole had strong toxicity by 

fumigation, despite low contact activity. Similar differences were reported in studies on contact 

and fumigant effects of essential oils against Sitophilus oryzae (Abdelgaleil et al., 2009), 

Tribolium castaneum (Mahfuz and Khalequzzaman, 2007) and S. scabiei (Fang et al., 2016). 

Those results showed that eucalyptus, rosemary and tea tree oil, which contain 1,8-cineole, 

were more active by fumigation than by contact. The fumigant efficacy of essential oils appears 

to be linked to the monoterpenes to which the mites were exposed. Perrucci et al. (Perrucci et 

al., 1995) showed that geraniol and eugenol had potent acaricidal activity in inhalation assays 

against P. cuniculi, whereas the efficacy of linalyl acetate and estragole were not good. The 

difference between contact and fumigation bioassays could also be due to ingestion of the 

compounds in the contact assays.  
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The residual efficacy of the tested compounds decreased sharply after 120 h exposure (Fig. 4). 

This may be due to the evaporation of the natural compounds, resulting in a decreased mortality 

of mites with time. Hence, the present formulation as an effective control agent for P. ovis 

depends both on its use in relatively high concentrations and short treatment intervals, as the 

acaricidal activity quickly fades.  

As yet, no in vivo tests of the acaricidal efficacy of carvacrol against P. ovis in cattle have been 

published. After three topical treatments, the proportional reduction in mite counts was 

significantly higher in the treatment group, compared to the control group (Table 1). Although 

the lesion size did not decrease after treatment, the appearance of the lesions changed from 

active to healing lesions (Fig. 5). On two calves in the treatment group, two live mites were 

observed until the end of this experiment. Survival of even a few mites may pose a risk for 

recolonization of the body surface after treatment. Re-emergence of psoroptic mange after 

apparent healing of treated cattle is common (Sarre et al., 2015). Wall and Bates (Wall and 

Bates, 2011) also showed that application of trans-cinnamic acid (10%) by spraying the active 

mange lesions in sheep, resulted in only 87.5% reduction of P. ovis mite counts. This indicates 

that a full protection against P. ovis in sheep and cattle may require treatment of a larger area 

(e.g. the whole body) or more frequent treatments. In contrast, lemon oil (20%), neem oil (25 %) 

and oregano oil (5%) were able to cause 100% mortality of S. scabiei and P. cuniculi in rabbits 

(Aboelhadid et al., 2016; Seddiek et al., 2013; Shang et al., 2016). This high efficacy in rabbits 

may be due to a higher susceptibility of S. scabiei to essential oils, which was also seen in vitro 

(Hu et al., 2015), or to the restricted habitat of P. cuniculi in the ear canal, which facilitates 

treatment. Moreover, these oils (lemon, neem and oregano) were also used at much higher 

concentrations than in the present study and this may have increased the effect. 

Topical application of essential oils can induce concentration dependent skin irritation or 

inflammation (Yamate, 2018). It is reported that allergy and skin irritation caused by tea tree 

oil can be significantly reduced by diluting the tea tree oil (Hammer et al., 2006; Lee et al., 

2013; Rutherford et al., 2007; Thomas et al., 2016). In the present study, only slight and 

transient erythema was observed on the treated calves’ skin after 20 min (Fig. 6). Furthermore, 

the number of eosinophils and mast cells in this study were not significantly different between 

the treatment group and control group (results not shown). Klecak et al. (Klecak et al., 1977) 

showed that the minimum dermal sensitizing concentration of carvacrol was 3% on guinea pigs’ 

skin. Alternatively, rat skin was used for an in vitro test to evaluate the corrosivity of carvacrol 

(concentration not stated) for 2 and 24 h, showing no corrosive activity (Fentem et al., 1998). 
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In addition, the in vivo genotoxicity of carvacrol was tested in rats, which suggested that 

carvacrol (81–810 mg/kg body weight) did not induce genotoxicity or oxidative DNA damage 

in any of tissues investigated (Llana-Ruiz-Cabello et al., 2016). It was presumed that 2% 

carvacrol could be used as a safe antiparasitic drug in protecting animals. 

In conclusion, we demonstrated significant acaricidal activity against adult P. ovis mites of 

geraniol, eugenol and carvacrol using contact, fumigation and residual assays in vitro, and of 

1,8-cineol using a fumigation assay. In vivo evaluation of carvacrol in cattle resulted in 98.5% 

elimination of mites. In addition, topical treatment of calves with carvacrol only caused mild 

and transient local side effects. Taken together, these data indicated the potential of carvacrol 

as an acaricidal agent in the treatment of P. ovis infestations in cattle. The low toxicity and 

high biological activity of carvacrol make it a promising compound for the development of 

novel medicines, not only for cattle but potentially also for other animals and humans. 
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Summary 

Psoroptic mange is a common disease of livestock, caused by Psoroptes ovis. Compared to 

Holstein Friesian (HF) cattle, the Belgian Blue (BB) cattle breed is highly susceptible to the 

infestation. However, the mechanism for this difference is still unclear. To determine the factors 

responsible for this breed susceptibility, the immune response to P. ovis was studied in 

experimentally infested BB and HF cattle, using clinical signs, histology, 

immunohistochemical profiling and gene expression analysis of skin biopsies. The mite 

numbers and lesion area of BB cattle were greater than in HF cattle during the whole study 

period. Significant influxes of eosinophils in the epidermis and dermis were detected in 

comparison with the pre-infestation samples in both breeds, with significantly higher 

eosinophils in BB at 6 weeks post infestation (wpi). Mast cell numbers were unaffected at all 

stages of infestation in HF, but were significantly elevated relative to pre-infestation in BB 

cattle at 2 and 6 wpi. The more pronounced cutaneous eosinophilia and higher IL-4 levels at 6 

wpi in BB cattle suggest that a Th2-type immune response is underlying the higher 

susceptibility of the BB breed. In naturally infested BB cattle, development of the psoroptic 

mange lesions and eosinophils and CD3+ T-cell areas were severely depressed after anti-

inflammatory treatment with dexamethasone. Together, these results suggest that a stronger 

Th2-type immune response to P. ovis causes the skin lesions in psoroptic mange in BB cattle 

and that anti-inflammatory treatment could potentially be an alternative to control the 

pathology caused by this parasite.  
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Introduction 

Psoroptic mange is a severe disease, which reduces animal welfare and causes financial losses 

due to performance loss and treatment costs, especially in sheep and in the beef industry 

(Losson et al., 1999; Mitchell, 2010; Rehbein et al., 2003). This disease is caused by a non-

burrowing ectoparasite, Psoroptes ovis, which lives on the skin surface. The mouthparts of 

these mites are adapted to the consumption of serous exudate, lymph and red blood cells from 

the host skin surface (DeLoach and Wright, 1981). Meanwhile, the mites abrade the stratum 

corneum and deposit allergens (such as faecal pellets), which cause skin irritation, intense 

pruritus, and severe allergic dermatitis in livestock (Mathieson and Lehane, 2002). The 

cutaneous inflammatory response developed by hosts in response to the mites is a serious threat 

to epidermal integrity (Burgess et al., 2010; Hamilton et al., 2003; Van den Broek and Huntley, 

2003). The damage in the epidermis is considered as promoting the hypersensitivity reaction 

in the host to control the mite infestation (Bates, 2012; Stromberg and Fisher, 1986). Previous 

work in sheep demonstrated that a reduction of lesion development and mite numbers was 

caused by suppressing the host immune response (Huntley et al., 2005). However, the 

relationship between lesion development and immunosuppression in cattle has not been 

clarified.  

Generally, the development of clinical signs in cattle starts at one week post infestation 

(Stromberg and Fisher, 1986). Next, a rapid growth phase sets in with a sharp increase in mite 

numbers and active lesions that are mainly found at the withers, back and the tail base, but can 

eventually cover most of the body (Bates, 1998; Mitchell, 2010; Pouplard et al., 1990; 

Stromberg and Guillot, 1987). During this process, pruritus becomes more intense due to the 

host allergic reaction to the mites, leading to self-trauma behaviour, such as licking and rubbing. 

Although these actions will make the affected animals comfortable to some degree, mechanical 

skin abrasion can cause hair loss, skin damage and bleeding wounds (Bates, 1998; Mitchell et 

al., 2012; Pouplard et al., 1990). All these factors will intensify the local intradermal 

inflammation, which leads to increased serum extravasation, creating the perfect microclimate 

for mites to survive. This ideal environment will in turn translate in a further growth of both 

mite population and skin lesions (Stromberg and Fisher, 1986). Subsequently, the lesion size 

and mite numbers decrease and, eventually, the clinical signs disappear and the mites are 

eliminated (Losson et al., 1999). However, whether or not animals fully recover from the 

disease depends on different factors, such as the cattle breed (Losson et al., 1999; Roberts and 

Meleney, 1971). For instance, natural recovery in Holstein Friesian (HF) cattle is more frequent 
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compared to Belgian Blue (BB) cattle (Bates, 1998).  

Previous research suggested a high susceptibility to P. ovis infestation in BB cattle under field 

conditions compared to HF cattle (Losson et al., 1999; Sarre et al., 2012). Preliminary data 

suggests that a difference in immune response may contribute to the different breed 

susceptibility. Previous work revealed that numerous degranulating mast cells and neutrophils 

were recruited in the skin of Hereford heifer calves in response to P. ovis infestation (Stromberg 

and Guillot, 1989), but mast cells did not significantly differ between naturally infested BB 

and HF cattle (Sarre et al., 2015). Interestingly, after intradermal injection of Psoroptes cuniculi 

antigen in cattle of different breeds, an immediate hypersensitivity reaction was observed after 

1 h in HF and BB animals; whereas only in BB cattle a delayed hypersensitivity reaction was 

recorded after 72 h (Losson et al., 1988; Losson et al., 1999). Moreover, Sarre et al. (Sarre et 

al., 2015) demonstrated that the up-regulation of IL-17 in the skin of BB cattle was associated 

with a higher sensitivity to P. ovis compared to HF cattle. However, this study was performed 

in naturally infested animals, which made it impossible to control infestation levels and to 

determine temporal dynamics of immune responses. 

Therefore, in this study, we aimed to compare the development of lesions and the immune 

response against P. ovis between artificially infested BB and HF cattle, and to investigate the 

relationship between the inflammatory reaction of the host and lesion development, using an 

anti-inflammatory dose of dexamethasone in BB cattle. Results were compared with published 

data from sheep (Burgess et al., 2010; Burgess et al., 2011) and Hereford heifer calves 

(Stromberg and Guillot, 1989), in order to gain insight into critical factors which may be 

involved in the susceptibility of the BB cattle breed and the relative resistance of the HF cattle 

breed. 

Materials and methods 

Animal study one: development of psoroptic mange in Belgian Blue and Holstein-Friesian 

cattle 

Nine healthy BB calves and six healthy HF calves (6-7 months old) were included. All calves 

were free of mite and lice infestation as determined by thorough body inspection and 

examination of skin scrapings prior to the experiment. All animals were individually 

stanchioned, with a metal frame around the neck to restrict grooming. P. ovis mites (nymphs 

and adults) were isolated from naturally infested BB cattle. An area of the left side of the 

withers (15 cm diameter circle) of each animal was shaved with electric clippers, and 
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approximately 400~500 mites were placed directly onto the skin of each animal. Mites were 

prevented from escaping with either a filter paper that was kept in place by tying a rubber band 

around the animal’s chest (n=4 BB) or with syringes that were cut at the base and glued (super 

glue, Loctite, Belgium) onto the skin (5 BB and 6 HF), with each syringe containing  100 

mites.  

Skin biopsies were collected from the infestation site on Day 0 (before infestation) and 

thereafter from the edge of active lesions at weekly intervals from 2 until 6 weeks after 

infestation. Two skin biopsies were obtained using a disposable 4 mm biopsy punch (pfm 

Medical, Germany). Prior to biopsy, the site was subcutaneously injected with a local 

anaesthetic (3-4 mL, 4 % procaine hydrochloride and 0.0036% adrenaline tartras, KELA, S.C.-

epidural, Belgium). One biopsy was snap-frozen in liquid nitrogen and stored at -80 ℃ until 

RNA extraction was performed. The other one was stored for 10 hours in 4 % formaldehyde 

and paraffin-embedded for histology and immunohistochemistry.  

The clinical degree of infestation was determined weekly by calculating the percentage of 

infested body surface (clinical index, CI) for each animal, based on the method of Guillot 

(Guillot, 1981), from Day 0 until Week 6 p.i. Briefly, all the lesions on the surface of an 

animal’s body were recorded in the grid and then the percentage body surface affected by 

lesions was calculated. At week 6, P. ovis mite numbers in active lesions were counted. Skin 

scrapings were collected from the edges of active lesions or, if lesions regressed during the 

study, from the area where active lesions were at the study commencement, according to the 

guidelines of the World Association for the Advancement of Veterinary Parasitology 

(Vercruysse et al., 2006). In total three lesion sites per animal were sampled by scraping an 

area of 9 cm2 per lesion. Samples were examined within 24 h of collection to identify and count 

P. ovis mites under the microscope (400 magnification). At the termination of the experiment, 

all animals were treated topically, twice with a one-week interval, with amitraz (Taktic) at 

the recommended dose. This animal study was approved by the Ethical Committee of the 

Faculties of Veterinary Medicine and Bioengineering Sciences of Ghent University 

(EC2019/64). 

Animal study two: effect of anti-inflammatory treatment on development of psoroptic 

mange 

Fourteen Belgian Blue calves (1-2 years old) naturally infested with P. ovis mites were included 

in the animal study. Skin scrapings were collected from each animal for mite counts and mite 
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identification on Day -7. The CI was determined for each animal by recording the skin lesions 

(on both sides of the animal) on a silhouette (Guillot, 1981). Animals were randomly assigned 

to treatment and control group using CI as stratification factor.  

On Day 0, all animals in the treatment group were weighed and injected intramuscularly with 

dexamethasone (MSD Animal Health, Belgium) at a dose of 0.06 mg/Kg body weight. Control 

animals were injected with the same volume of physiological saline (0.9 %). On Day 7 and 

Day 14, the treatment was repeated.  

All animals were followed for 4 weeks, whereby the CI was determined weekly for each animal 

as described above. Punch biopsies were taken on Day 0, Day 7 and Day 28 from the edge of 

active lesions, following the administration of a local anaesthetic (3-4 mL 4 % procaine 

hydrochloride and 0.0036% adrenaline tartrate, KELA, S.C.-epidural, Belgium). The 4 mm 

biopsy was immediately fixed in 4 % formaldehyde and paraffin-embedded for histology and 

immunohistochemistry. At Day -7 and Day 28 post treatment, P. ovis mites in the active lesions 

were counted, as described above.  

All animals were housed together in a pen on straw bedding, and were provided with corn 

silage, grass silage and water ad libitum and a daily ration of 1.5-2.0 kg concentrates per animal. 

All animals were checked weekly for any adverse reactions to the dexamethasone treatment by 

clinical examination (Dirksen et al., 1990) and by ultrasonography (Tringa Linear Vet, Esaote, 

the Netherlands) to detect (sub)clinical pneumonia. At the end of the animal study all animals 

were treated topically with amitraz with two weeks interval as described above. This animal 

study was approved by the Ethical Committee of the Faculties of Veterinary Medicine and 

Bioengineering Sciences of Ghent University (EC2019/103), Ghent, Belgium and by the 

Department of Environment of the Flemish government, Belgium (LA1400086-Veldproef 

2020V05). 

Histological and immunohistochemical examination of skin biopsies 

Serial sections (4-5 μm) were cut from paraffin embedded biopsies, dewaxed and stained with 

haematoxylin and eosin (H&E) for the detection of eosinophils or with Giemsa staining for the 

detection of mast cells. The number of mast cells and eosinophils was determined at 

magnification of 400× using a LEICA light microscope. Therefore, ten photographs were 

analysed in different dermal layers for each section, i.e. 5 photographs were randomly taken 

from the epidermis/superficial dermis, and 5 from the deep dermis. Results were expressed as 

the number of cells per 105 μm2 tissue surface. The investigator was blinded to the allocated 
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group. An ocular micrometer was used to measure the width of epidermal layer. Five 

measurements were taken along transects along the skin surface. The thickness was expressed 

as the mean of 5 measurements at random sites. 

Two sections were immunolabelled for CD3 (T cells) and CD20 (B cells) based on (Sarre et 

al., 2015). In short, skin tissue sections of 4 μm were mounted on APES-coated slides, blocked 

with H2O2 and stained with polyclonal rabbit anti-human CD3 (Dako, Belgium) or rabbit anti-

human CD20 (Sigma-Aldrich, USA) antibodies. T- and B-cells were visualized by adding 

peroxidase labelled goat anti-rabbit antibodies (Dako, Belgium), diaminobenzidine 

tetrahydrochloride (DAB; Dako, Belgium) and by performing a counterstaining with 

haematoxylin. Pictures at magnification of 400× using a LEICA light microscope were 

randomly selected from the epidermis/superficial dermis and the deep dermis as described 

above. The area percentage of T-cells and B-cells was determined using the Colour 

Deconvolution plugin in ImageJ (Ross, 2014).  

Quantitative real-time polymerase chain reaction (PCR) 

The TissueLyser II instrument (Qiagen) was used to disrupt and homogenize the frozen skin 

samples. Total RNA was extracted with the RNeasy mini kit (Qiagen) following the 

manufacturer’s protocol with on-column DNase digestion. RNA Quality Index (RQI) was 

assessed on the Experion automated electrophoresis system (Bio-Rad Laboratories) with the 

Experion RNA StdSence Analysis kit (Bio-Rad). RNA yield was assessed on a Nano-Drop 

2000 spectrophotometer (Thermo Scientific). RNA samples with a RQI >7.5 were considered 

to be of acceptable quality (Denisov et al., 2008). cDNA was obtained by reverse transcribing 

100~150 ng of purified total RNA using the iScript cDNA synthesis kit (Bio-rad). The cDNA 

was diluted 1:3 in dH2O and stored at -20 ℃.  

A quantitative Real-Time PCR (qPCR) approach was used to measure the relative mRNA 

transcription levels of a selection of genes in the BB and HF calves’ skin. The qPCR assay was 

performed on the Step One Plus Real-Time System (Applied Biosystems) using the SYBR 

Green Master Mix (Thermo Scientific) in a total volume of 20l, containing 10l SYBR green 

master mix, 1l of forward and reverse primers (500 nM), 6l RNase free water and 2l of 

template cDNA. The thermal cycling consisted of an initial denaturation at 95°C for 20s 

followed by 40 cycles of denaturation at 95°C for 3s and primer annealing and elongation at 

60°C for 30s. All reactions were carried out in duplicate. The sequences of all the primers that 

were used can be found in Table 1. qPCR and normalization of the data, based on the reference 
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genes GAPDH and RPS29 for BB and HF, were performed as previously described (Sarre et 

al., 2015). Gene transcription levels were evaluated based on relative expression level between 

the different timepoints.  

Table 1. Primer sequences and amplicon details for BB cattle and HF cattle qPCR 

Gene Accession number  Primer sequence  

GAPDH  NM_001034034.1 
F: ACCCAGAAGACTGTGGATGG 

R: CAACAGACACGTTGGGAGTG 

RPS29   BC_102702 
F: GGAGCCATCCGAGAAAATTCG 

R: CAACTTAATGAAGCCGATGTCCTT 

IL-4  NM_173921.2 
F: GCGGACTTGACAGGAATCTC 

R: TCAGCGTACTTGTGCTCGTC 

IL-5  NM_173922.1 
F: TGGTGGCAGAGACCTTGACA 

R: TTCCCATCACCTATCAGCAGAGT 

IL-6  NM_173923.2 
F: TCCTTGCTGCTTTCACACTC 

R: CACCCCAGGCAGACTACTTC 

IL-8  NM_173925.2 
F: GCTGGCTGTTGCTCTCTTGG 

R: GGGTGGAAAGGTGTGGAATGTG 

IL-10  NM_174088.1 
F: TGTATCCACTTGCCAACCAG 

R: CAGCAGAGACTGGGTCAACA 

IL-13  NM_174089.1 
F: GGTGGCCTCACCTCCCCAAG 

R: ATGACACTGCAGTTGGAGATGCTG 

IL-17A NM_001008412.2 
TGAGGACAAGAACTTCCCACAGCA 

TAATCGGTGGGCCTTCTGGAGTTT 

IL-23A  NM_0012005688.1 
F: CCCGTATCCAGTGTGAGGAT 

R: AGTATGGAGGCGTGAAGCTG 

IFN-γ  NM_174086.1 
F: TTCTTGAATGGCAGCTCTGA 

R: TTCTCTTCGGCTTTCTGAGG 

Foxp3 NM_001045933.1 
F: GACAGCACCCTTTCGACTGT 

R: CTCCAGAGATTGCACCACCT 

Filaggrin XM_010826841 
F: GCCCAGTTCTAGACGCTGAC 

R: TCAAGCCAGTGACAGTGAGG 

Involucrin XM_005203832 
F: AAGGTCTTGGGCCAGCACTTG 

R: GATGCTGGGTTGTAACTCCCCCCAC 

Loricrin NM_001113757 
F: CAGTGGATCCGTCTGCCTGGGA 

R: CATGAGAGCGGTAAGCCCATCGAC 

* IL8 (CXCL8) designed based on bovine reference gene sequences from NCBI database. The other 

primers based on Sarre et al., (2015). 

Statistical analysis 

All analyses were done using GraphPad Prism 8 (GraphPad Software, San Diego, CA). First, 

comparing different time points with baseline within group or breed was done in the framework 
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of rank-based repeated measures ANOVA, using Friedman’s multiple comparisons technique. 

Comparing the two groups or breeds at a particular time point was based on the Mann-Whitney 

U test using Bonferroni multiple comparisons. 

Results 

Lesion development and immune response in artificially infested cattle 

Before infestation, no skin lesions were observed in the BB and HF cattle. Active lesions were 

first observed in both breeds at 2 weeks post infection (wpi). The CI significantly increased in 

both breeds from 4 wpi onwards (Fig. 1) and at 6 wpi, both breeds showed typical clinical signs 

of psoroptic mange (Fig. 2). Major epidermal pathological changes of P. ovis infestation in both 

breeds included epidermal hyperplasia with marked acanthosis, diffuse hyperkeratosis, 

irregular rete ridge formation, necrosis and transudation. Additional pathology in the dermis 

included oedema, vasculitis and dermal fibrosis (Fig. 3 and Fig. 4). Immune cells were 

widespread and generally located in the dermis, stratum basale and even the stratum spinosum 

(Fig. 5 and Fig. 6). Significant influxes of eosinophils, T-lymphocytes and B-lymphocytes in 

the epidermis/superficial dermis or the deep dermis were detected in comparison with the pre-

infestation samples (Fig. 7). Mast cell numbers appeared to be unaffected at all stages of 

infestation in the epidermis and superficial dermis, and were only significantly elevated relative 

to pre-infestation in the deep dermis of BB cattle (Fig. 7). P. ovis infestation was associated 

with significantly increased transcription of several cytokines and genes related to skin 

pathology, including interleukin (IL)-4, IL-5 (in HF only), IL-6, IL-8, IL-10, IL-13, IFN-, 

loricrin (in HF only) and filaggrin (in HF only). No significant changes in IL-17A, IL-23, 

Foxp3 and involucrin transcription levels were detected in both breeds (Fig. 8 and Fig. 9), 

although there was a tendency towards a lower loricrin and filaggrin transcription in BB from 

4 wpi onwards (Fig. 9).  
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Figure 1. The clinical indices and mite counts (mean and individual values) in Belgian Blue and 

Holstein-Friesian cattle after artificial infestation with Psoroptes ovis. Statistical significance within 

breed was assumed at *p<0.05, **p<0.01, ***p<0.001, and ****p<0.0001; Statistical significance 

between two breeds was assumed at #P<0.0083, and ##P<0.0017. 

 

 

Figure 2. Clinical appearance and close-up view of Belgian Blue (A, C) and Holstein-Friesian cattle 

(B, D) infested with Psoroptes ovis at 6 weeks post-infestation, respectively. The yellow circles indicate 

active lesions on the animals’ skin. 
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Figure 3. Representative histology of skin lesions at 6 weeks post infestation with Psoroptes ovis in 

Belgian Blue cattle (A: 100; B: 400). A: Parakeratosis (filled arrow), dermal oedema and disruption 

of collagen bundles (dashed line arrows). B: Intercellular oedema, disruption of intercellular bridges 

and hydeopic degeneration of cells in the epidermis (filled arrows).  

 

 

Figure 4. The width of the epidermis at different time points in Belgian Blue (BB) and Holstein-Friesian 

(HF) cattle after artificial infestation with Psoroptes ovis (mean and individual values). *p<0.05, 

**p<0.01, and ***p<0.001. Only 7 BB cattle were included in the statistical analysis as from two 

animals a missing value was obtained at 3 and 4 weeks post-infestation.  
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Figure 5. Representative histology of the skin of BB cattle and HF cattle at 4 weeks post infestation 

with Psoroptes ovis. (A) BB cattle, Hematoxylin and Eosin stain (unfilled arrow); (B) HF cattle, 

Hematoxylin and Eosin stain (unfilled arrow); (C) BB cattle, Giemsa mast cell stain (dashed line arrow); 

(D) HF cattle, Giemsa mast cell stain (dashed line arrow).  400. 

 

 

Figure 6. Representative immunohistochemistry of the skin of BB cattle and HF cattle at 4 weeks post 

infestation with Psoroptes ovis. (A) BB cattle, anti-CD3+ antibody T cell stain (unfilled arrow); (B) HF 

cattle, anti-CD3+ antibody T cell stain (unfilled arrow); (C) BB cattle, anti-CD20+ antibody B cell stain 

(dashed line arrow); (D) HF cattle, anti-CD20+ antibody B cell stain (dashed line arrow).  400. 
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When both breeds were compared, the clinical index was significantly higher in BB cattle than 

in HF cattle at 4, 5 and 6 wpi. Although the mite numbers did not significantly differ between 

the two breeds, there was a trend for higher mite numbers in the BB animals (Fig. 1). Compared 

with HF cattle, significantly higher eosinophil and mast cell infiltration was observed in BB 

cattle at 6 wpi in the epidermis/superficial dermis and the deep dermis, respectively (Fig. 7). 

In contrast, a larger CD3-positive T-cell area was detected in HF cattle than in BB cattle in the 

epidermis/superficial dermis and the deep dermis at 5 wpi (Fig. 7). Surprisingly, the CD3-

positive T-cell area in HF cattle was already significantly higher than in BB cattle in the 

epidermis/superficial dermis and the deep dermis before infestation. Although a larger CD20-

positive B-cell area was detected in the epidermis/superficial dermis and the deep dermis in 

HF cattle than in BB cattle, there was no significant difference between the two breeds. 

Compared to HF cattle, only the relative transcription levels of IL-4 were significant higher in 

BB cattle at 6 wpi (Fig. 8). The transcription levels of loricrin and filaggrin were significantly 

higher in HF cattle than in BB cattle at 6 wpi, and the transcription levels of involucrin were 

significantly higher in HF cattle before infestation and at 3 and 4 wpi (Fig. 9). 
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Figure 7. Histological cell counts (mean and individual values) in the epidermis/superficial dermis and 

the deep dermis of skin biopsies in Belgian Blue and Holstein-Friesian cattle at different time points 

after artificial infestation with Psoroptes ovis. The results are presented as number of eosinophils and 

mast cells per 105 m2 and as area percent of CD3+ (T-cells) and CD20+ (B-cells). Statistical 

significance within breed was assumed at *p<0.05, **p<0.01, ***p<0.001, and ****p<0.0001; 

statistical significance between two breeds was assumed at #P<0.0083, and ##P<0.0017. Only 8 BB 

cattle were included in the statistical analysis of the cell counts as from one animal missing values were 

obtained at 4wpi.  
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Figure 8. The normalized expression levels of cytokines (mean and individual values) in Belgian Blue 

and Holstein-Friesian cattle at different time points after artificial infestation with Psoroptes ovis. 

Statistical significance within breed was assumed at (*)p=0.058, *p<0.05, **p<0.01, and ***p<0.001; 

statistical significance between two breeds was assumed at #P<0.0083, and ##P<0.0017. 
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Figure 9. The normalized expression levels of genes related to pathology (mean and individual values) 

in Belgian Blue and Holstein-Friesian cattle at different time points after artificial infestation with 

Psoroptes ovis. Statistical significance within breed was assumed at *p<0.05; statistical significance 

between two breeds was assumed at #P<0.0083, and ##P<0.0017. 

 

 

Figure 10. The clinical index and mite counts (mean and individual values) in Belgian Blue cattle that 

were treated with dexamethasone on Days 0, 7 and 14 (Treatment group) or physiological saline 

(Control group). Statistical significance was assumed at *p<0.01 and **p<0.002 for clinical index; 

statistical significance was assumed at *p<0.05 for mite counts). On Day 14, three animals in the control 

group were treated topically with amitraz at the recommended dose for animal welfare reasons.  
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Effect of anti-inflammatory treatment on development of psoroptic mange in BB cattle 

Active lesions in the control animals steadily increased from Day 0 onwards. On Day 14, three 

animals in the control group were treated topically with amitraz at the recommended dose for 

animal welfare reasons. Compared to the control animals, there was a profound reduction in 

the development of the lesion area by two weeks after dexamethasone treatment (Day 14), and 

this difference was maintained until termination of the study (Day 28), when the CI was 

decreased by 90% compared to the control group. Mean mite counts were reduced by 56% in 

the treated group compared with the control animals on Day 28, but the number of mites was 

not significantly different between the two groups (Fig. 10).  

Eosinophil numbers in the epidermis/superficial dermis and in the deep dermis were 

significantly depressed in the treatment group compared to the control group on Day 7 and Day 

28. The number of mast cells did not differ between both groups. The CD3-positive T-cell areas 

were significantly reduced on Day 28 after dexamethasone treatment. Although the mean 

CD20-positive B-cell area in the treatment group was lower than in the control group on Day 

28, there was no significant difference between the two groups (Fig. 11).  
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Figure 11. Histological cell counts (mean and individual values) in the epidermis/superficial dermis 

and the deep dermis of skin biopsies in Belgian Blue cattle that were treated with dexamethasone on 

Days 0, 7 and 14 (Treatment group) or with physiological saline (Control group). The results are 

presented as mean number of eosinophils and mast cells per 105 m2 and as area percent of CD3+ (T-

cells) and CD20+ (B-cells). Statistical significance was assumed at *=p<0.017 and **=p<0.003. On 

Day 14, three animals in the control group were treated topically with amitraz (Taktic) at the 

recommended dose for animal welfare reasons.  

 

Discussion 

Individual and breed differences in susceptibility to infestation with P. ovis and the related 

Sarcoptes scabiei (S. scabiei) mites have been associated with pathological changes and 
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immune responses in various host species (Losson et al., 1999; Mounsey et al., 2015; Walton, 

2010; Walton and Oprescu, 2013). The available studies suggest that the complex relationship 

between the host and the parasite at the skin interface results in a balance between the immune 

responses and clinical signs (Arlian and Morgan, 2017; van den Broek, 2007; van den Broek 

and Burgess, 2013), yet many questions remain unclear.  

The HF cattle breed is less susceptible to P. ovis infestation in comparison to BB cattle in the 

field (Lonneux et al., 1998; Losson et al., 1999). Given that the immune response is at least 

partially responsible for the lesion development, a possible reason for the difference of lesion 

development between BB and HF cattle could be related to different immune responses after 

P. ovis infestation. In the first animal study, the dermal immune response in BB cattle and HF 

cattle during an experimental P. ovis infestation was compared, in an attempt to identify a 

potential cause of the severe manifestation of psoroptic mange in the BB cattle breed compared 

to HF cattle.  

The significant difference between the clinical indices of both breeds confirmed that BB cattle 

were more susceptible to the induced P. ovis infestation than HF. A previous study also showed 

that BB cattle were more susceptible to artificial P. ovis infestation than HF cattle, but the 

differences were not significant (Losson et al., 1999), which may be due to the small sample 

size. Apart from these quantitative differences, the clinical picture and histological changes in 

HF cattle were similar to BB cattle and were characterized by erythematous scaly papules and 

plaque formation and infiltration of inflammatory cells into the epidermis and dermis. 

Significant influxes of eosinophils in the epidermis/superficial dermis and the deep dermis 

were detected in comparison with the pre-infestation in BB cattle from 3 wpi onwards, but in 

HF cattle only at 5 wpi. Moreover, the number of eosinophils in BB cattle was significantly 

higher and increased steadily until the end of the experiment, whereas eosinophils in HF cattle 

peaked at 5 wpi and started to decline thereafter. However, the epidermal differentiation 

complex (EDC) genes, such as filaggrin, loricrin and involucrin were significantly upregulated 

in HF cattle, while the transcription of filaggrin and loricrin unchanged in BB cattle. Previous 

studies suggested that EDC genes could be down-regulated through the suppressive action of 

Th2 cytokines, such as IL-4 and IL-13 (Howell et al., 2009; Kim et al., 2008). Together with 

the more pronounced cutaneous eosinophilia and higher IL-4 levels at 6 wpi in BB cattle, this 

suggests that a Th2-type immune response is underlying the more severe manifestation in the 

BB breed. Similarly, a (pro-)inflammatory response, evolving into a Th2-type immune 

response was previously observed in P. ovis infestations in sheep (Burgess et al., 2010; Van den 
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Broek et al., 2004). In sheep, the maximal number of eosinophils was observed at 9 wpi (Van 

den Broek et al., 2004). Possibly, differences between the two cattle breeds may become more 

pronounced later in the infestation.  

The CD3-positive T-cell area in HF cattle was significantly higher than in BB cattle. Since no 

further T-lymphocyte markers were used in our experiment, the T-cell population could not be 

subtyped. We hypothesized that a (proportion of) the larger population of T lymphocytes in HF 

cattle could be regulatory T-cells that are able to suppress the immune responses (Arlian et al., 

2014). However, this hypothesis was not supported by the transcription levels of IL-10 and 

Foxp3, which were not significantly different between the two breeds. An increased Th2/Th17 

immune response was associated with increased susceptibility to S. scabiei infestations in 

humans and pigs (Liu et al., 2014; Mounsey et al., 2015; Walton, 2010) and in BB cattle 

naturally infested by P. ovis (Sarre et al., 2015). Although IL-17A levels were unchanged within 

both breeds in our study, the expression of IL-17A was slightly increased in BB cattle and was 

decreased in HF cattle in comparison with pre-infestation. This is similar to the results of Sarre 

et al. (Sarre et al., 2015). Previous work in pigs with S. scabiei infestations showed an 

upregulation of IL-17A from 4 wpi onwards, whereas the peak expression was observed at 8 

wpi (Mounsey et al., 2015). Also, an increased IL-17A was detected at 15 wpi (Liu et al., 2014). 

These results suggest that the Th17 immune response is related to the infestation time. 

Therefore, it would be interesting to investigate whether or not IL-17A transcription would 

further diverge between BB cattle and HF cattle when the infestation time is extended.  

Since the higher susceptibility of BB cattle was shown to be associated with a stronger Th2-

type response, our second objective was to investigate the causal relationship between the 

host’s immune response and the development of skin lesions. Treatment of BB cattle with 

dexamethasone induced a profound suppression of lesion development, but no significant 

reduction in mite numbers compared to the control group. Although in the study of Huntley et 

al. (Huntley et al., 2005), anti-inflammatory treatment of sheep with Cyclosporin A led to 

significantly depressed lesion development and almost totally reduced mite numbers compared 

to the normal course of infection, previous studies showed that there is no strong relationship 

between the clinical index and mite numbers in cattle (Lonneux et al., 1998; Losson et al., 

1999). Skin healing was accompanied by significantly reduced eosinophils and T-lymphocytes 

in the skin biopsies, which is similar with observations in sheep scab (Den Broek, 2000; 

Huntley et al., 2005). In sheep, no difference was observed in the population of mast 

cells/basophils between control animals and animals treated with an anti-inflammatory drug 



Chapter 4   

96 

 

(Huntley et al., 2005), which is in accordance with the results of our study. Clearly, an 

inflammatory response is related to the development of psoroptic mange lesions in both sheep 

and cattle, but mast cells do not seem to be important in this process in cattle.  

In conclusion, the development of skin lesions in psoroptic mange in cattle is associated with 

the host’s immune response, as lesions development was reversed by anti-inflammatory 

treatment. The higher susceptibility of BB cattle compared to the HF breed appears to be due 

to a more pronounced Th2-type (and potentially Th-17) immune response in BB. A stronger T-

cell response was observed in the more resistant HF breed, but it is as yet unclear which T-cell 

subtypes are involved. Identification of these T-cell subsets and extending the duration of the 

artificial infestations could further clarify the difference in the immune responses between both 

breeds. Anti-inflammatory treatment could potentially be an alternative method for controlling 

the pathology caused by a P. ovis infestation. 

Acknowledgements 

The authors would like to thank the farmers involved in this study and Lobke De Bels, Delphine 

Ameye, and Joachim Christiaens for their excellent technical assistance. Zhenzhen Chen is 

supported by the China Scholarship Council (CSC number 201606910041). 

 

 

 

 

 

 

 

 

 

 

 

 

 



  Chapter 4 

 

 97 

References 

Arlian LG., Morgan MS., 2017. A review of Sarcoptes scabiei: past, present and future. Parasite 

Vector 10: 297. 

Arlian LG., Morgan MS., Paul CC., 2014. Evidence that scabies mites (Acari: Sarcoptidae) 

influence production of interleukin-10 and the function of T-regulatory cells (Tr1) in 

humans. J Med Entomol 43: 283-287. 

Bates P., 1998. Bovine mange in Great Britain. Cattle Pract 6(1): 53-57. 

Bates P., 2012. External parasites of small ruminants a practical guide to their prevention and 

control. CABI, Wallingford. 

Burgess ST., Frew D., Nunn F., Watkins CA., McNeilly TN., Nisbet AJ., Huntley JF., 2010. 

Transcriptomic analysis of the temporal host response to skin infestation with the 

ectoparasitic mite Psoroptes ovis. BMC Genomics 11: 624. 

Burgess ST., McNeilly TN., Watkins CA., Nisbet AJ., Huntley JF., 2011. Host transcription 

factors in the immediate pro-inflammatory response to the parasitic mite Psoroptes ovis. 

PloS one 6: e24402. 

DeLoach JR., Wright FC., 1981. Ingestion of rabbit erythrocytes containing 51Cr-labeled 

hemoglobin by Psoroptes spp. (Acari: Psoroptidae) that originated on cattle, mountain 

sheep, or rabbits. J Med Entomol 18: 345-348. 

Den Broek V., 2000. Cutaneous and systemic responses during primary and challenge 

infestations of sheep with the sheep scab mite, Psoroptes ovis. Parasite Immunol 22: 

407-414. 

Denisov V., Strong W., Walder M., Gingrich J., Wintz H., 2008. Development and validation 

of RQI: an RNA quality indicator for the experion automated electrophoresis system. 

Bio-Rad Bulletin 5761. 

Dirksen G., Gründer HD., Stöber M., 1990. Die klinische untersuchung des rindes. Verlag Paul 

Parey. 

Guillot FS., 1981. Population increase of Psoroptes ovis (Acari: Psoroptidae) on stanchioned 

cattle during summer. J Med Entomol 18: 44-47. 

Hamilton K., Nisbet A., Lehane M., Taylor M., Billingsley PF., 2003. A physiological and 

biochemical model for digestion in the ectoparasitic mite, Psoroptes ovis (Acari: 

Psoroptidae). Int J Parasitol 33: 773-785. 

Howell MD., Kim BE., Gao P., Grant AV., Boguniewicz M., DeBenedetto A., Schneider L., 

Beck LA., Barnes KC., Leung DY., 2009. Cytokine modulation of atopic dermatitis 

filaggrin skin expression. J Aller Clin Immunol 124: R7-R12. 

Huntley JF., van den Broek A., Machell J., Mackellar A., Pettit D., Meikle L., Barcham G., 

Meeusen EN., Smith D., 2005. The effect of immunosuppression with Cyclosporin A 

on the development of sheep scab. Vet Parasitol 127: 323-332. 

Kim BE., Leung DY., Boguniewicz M., Howell MD., 2008. Loricrin and involucrin expression 

is down-regulated by Th2 cytokines through STAT-6. Clin Immunol 126: 332-337. 

Liu X., Walton S., Murray HC., King M., Kelly A., Holt DC., Currie BJ., McCarthy JS., 

Mounsey K., 2014. Crusted scabies is associated with increased IL‐17 secretion by skin 

T cells. Parasite Immunol 36: 594-604. 



Chapter 4   

98 

 

Lonneux JF., Nguyen T., Detry J., Farnir F,. Losson B., 1998. The relationship between parasite 

counts, lesions, antibody titres and daily weight gains in Psoroptes ovis infested cattle. 

Vet Parasitol 76: 137-148. 

Losson B., Detry-Pouplard M., Pouplard L., 1988. Haematological and immunological 

response of unrestrained cattle to Psoroptes ovis, the sheep scab mite. Res Vet Sci 44: 

197-201. 

Losson B., Lonneux JF., Lekimme M., 1999. The pathology of Psoroptes ovis infestation in 

cattle with a special emphasis on breed difference. Vet Parasitol 83: 219-229. 

Mathieson B., Lehane M., 2002. Ultrastructure of the alimentary canal of the sheep scab mite, 

Psoroptes ovis (Acari: Psoroptidae). Vet Parasitol 104: 151-166. 

Mitchell E., Jones J., Foster A., Millar M., Milnes A., Williams J., 2012. Clinical features of 

psoroptic mange in cattle in England and Wales. Vet Rec: vetrec-2011-100565. 

Mitchell S., 2010. Psoroptic mange: a severe threat to UK cattle. Cattle Practice 18: 146-150. 

Mounsey KE., Murray HC., Bielefeldt-Ohmann H., Pasay C., Holt DC., Currie BJ., Walton SF., 

McCarthy JS., 2015. Prospective study in a porcine model of Sarcoptes scabiei 

indicates the association of Th2 and Th17 pathways with the clinical severity of scabies. 

Plos Negl Trop Dis 9: e0003498. 

Pouplard L., Losson B., Detry M., Hollanders W., 1990. Les gales bovines. Ann Med Vet 134: 

531-539. 

Rehbein S., Visser M., Winter R., Trommer B., Matthes HF., Maciel A., Marley S., 2003. 

Productivity effects of bovine mange and control with ivermectin. Vet Parasitol 114: 

267-284. 

Roberts IH., Meleney WP., 1971. Variations among strains of Psoroptes ovis (Acarina: 

Psoroptidae) on sheep and cattle. Ann Entomol Sol Am64: 109-116. 

Ross J., 2014. Using the color deconvolution plugin in imagej. Bio Imag Res Unit: 1-11. 

Sarre C., De Bleecker K., Deprez P., Levecke B., Charlier J., Vercruysse J., Claerebout E., 2012. 

Risk factors for Psoroptes ovis mange on Belgian Blue farms in Northern Belgium. Vet 

Parasitol 190: 216-221. 

Sarre C., González-Hernández A., Coppernolle S., Grit R., Grauwet K., Meulder F., Chiers K., 

den Broeck W., Geldhof P., Claerebout E., 2015. Comparative immune responses 

against Psoroptes ovis in two cattle breeds with different susceptibility to mange. Vet 

Res 46: 131. 

Stromberg P., Guillot F., 1987. Hematology in the regressive phase of bovine psoroptic scabies. 

Vet Pathol 24: 371-377. 

Stromberg P., Guillot F., 1989. Pathogenesis of psoroptic scabies in Hereford heifer calves. Am 

J Vet Res 50: 594-601. 

Stromberg PC., Fisher W., 1986. Dermatopathology and immunity in experimental Psoroptes 

ovis (Acari: Psoroptidae) infestation of naive and previously exposed Hereford cattle. 

Am J Vet Res 47: 1551-1560. 

Van den Broek A., 2007. Pathophysiology of ectoparasitic disease. UK Vet Companion Animal 

12: 63-68. 

Van den Broek A., Burgess ST., 2013. Psoroptes ovis. Vet Allergy: 402-410. 



  Chapter 4 

 

 99 

Van den Broek A., Else R., Huntley J., Machell J., Taylor M., Miller H., 2004. Early innate and 

longer-term adaptive cutaneous immunoinflammatory responses during primary 

infestation with the sheep scab mite, Psoroptes ovis. J Comp Pathol 131: 318-329. 

Van den Broek A., Huntley J., 2003. Sheep scab: The disease, pathogenesis and control. J Comp 

Pathol 128: 79-91. 

Vercruysse J., Rehbein S., Holdsworth P., Letonja T., Peter R., 2006. World association for the 

advancement of veterinary parasitology (WAAVP) guidelines for evaluating the 

efficacy of acaricides against (mange and itch) mites on ruminants. Vet Parasitol 136: 

55-66. 

Walton S., 2010. The immunology of susceptibility and resistance to scabies. Parasite Immunol 

32: 532-540. 

Walton SF., Oprescu FI., 2013. Immunology of scabies and translational outcomes: identifying 

the missing links. Curr Opin Infect Dis 26: 116-122.



 

 

 



 

 

 

 

 

 

 

 

Chapter 5.  

Early dermal immune responses against 

Psoroptes ovis in two cattle breeds
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Summary 

Psoroptic mange is a major health problem of livestock, which is caused by Psoroptes ovis. 

Compared to Belgian Blue (BB) cattle, the Holstein Friesian (HF) cattle breed is less 

susceptible to the infestation. However, the mechanism for this difference remains unsolved. A 

preliminary study in artificially infested BB and HF cattle was performed to examine the 

difference of the early dermal immune responses to P. ovis, using histopathological and 

immunological analyses of skin biopsies and transcription levels of a selection of cytokines 

and chemokines. Five healthy BB calves and six healthy HF calves were used in this study. 

Significant influxes of eosinophils, T-cells, and B-cells in the epidermis and dermis were 

detected in comparison with the pre-infestation samples only in BB cattle. Mast cell counts 

remained stable during the infestation in both cattle breeds, but were significantly higher in BB 

than in HF cattle in the deep dermis. Despite the marked influx of eosinophils, transcription of 

the eotaxins CCL-24 and CCL-26 was significantly down-regulated in both breeds, and the 

transcription of CCL-5 and CCL-11 remained unchanged. Although the Th2 type cytokines 

were not significantly upregulated, the higher influx of eosinophils may underly the higher 

susceptibility of the BB breed to P. ovis.  
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Introduction 

Psoroptic mange is a severe ectoparasitic disease of sheep (sheep scab) and cattle, which is 

caused by the non-burrowing mite Psoroptes ovis (Linklater and Gillespie, 1984; Lonneux et 

al., 1998; Van den Broek and Huntley, 2003). Infestation with P. ovis mites leads to allergic 

dermatitis and intense pruritus, which can spread rapidly throughout the body and result in hair 

loss, bleeding and severe skin damage (Millar et al., 2011; Pouplard et al., 1990; Stromberg 

and Guillot, 1987). This infestation is highly contagious and the disease reduces animal welfare 

and results in financial losses (Fox, 1993; Wharton, 1993). Since the host immune response to 

P. ovis contributes to the development of skin lesions (Huntley et al., 2005; Chen et al., 2020), 

a better knowledge of the immune responses to P. ovis may lead to improved diagnosis and 

control of the disease. 

Previous research in sheep demonstrated that host immunity to P. ovis infestation starts within 

a few hours at the site of infestation (Van den Broek et al., 2004). Microscopic examination of 

infested sheep skin biopsies revealed an increased dermal thickness and a superficial 

perivascular dermatitis. Infiltration of eosinophils, macrophages, mast cells, neutrophils, CD4+ 

T cell and  T cells was observed, indicating that both the innate and adaptive immune system 

play crucial roles in P. ovis infestation (Stoeckli et al., 2013; Van den Broek and Huntley, 2003; 

Van den Broek et al., 2005). At 24 hours post infestation (hpi), a development towards a Th2 

immune response was observed in sheep skin, as demonstrated by multiple differentially 

expressed genes including the increased transcription of pro-inflammatory cytokines (IL-6, IL-

8) and factors involved in immune cell activation and recruitment (Burgess et al., 2010; Burgess 

et al., 2011). Although a Th2- (and potentially a Th17-) type immune response has also been 

associated with lesion development in cattle (Sarre et al., 2015; Chen et al., 2020), the early 

immune responses in cattle against P. ovis is poorly understood.  

It is reported that the severity of psoroptic mange in cattle differs among breeds (Losson et al., 

1999; Sarre et al., 2012; Sarre et al., 2015; Chen et al., 2020). Under field conditions, the 

Belgian Blue (BB) cattle breed is more susceptible to P. ovis mites than the Holstein Friesian 

(HF) cattle breed (Losson et al., 1999; Sarre et al., 2015). This difference in susceptibility is 

possibly due to a more pronounced Th2/Th17 immune response in BB cattle compared to HF 

cattle (Sarre et al., 2015; Chen et al., 2020). In line with this, a delayed hypersensitivity reaction 

was recorded only in BB cattle but not in HF cattle at 72h post intradermal injection of 

Psoroptes cuniculi antigen (Losson et al., 1988; Losson et al., 1999). Therefore, we hypothesize 
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that differences in the early host immune response to P. ovis contribute to the differential 

development of acquired immunity and the associated difference in susceptibility between BB 

and HF cattle.   

Materials and methods 

Animal trial  

P. ovis mites (nymphs and adults) were isolated from naturally infested BB cattle. This study 

was performed with five healthy BB calves and six healthy HF calves (6-7 months old). All 

calves were free of ectoparasite infestation as determined by thorough body inspection and 

examination of skin scrapings prior to the experiment. All animals were individually 

stanchioned, with a metal frame around the neck to restrict grooming. On Day -2, an area of 

the left flank (15 cm diameter circle) of each animal was shaved with electric clippers. On Day 

0, five plastic isolation chambers (1 cm deep  3 cm diameter) were adhered to the skin with 

super glue (Loctite, Belgium). Two skin biopsies were taken before infestation using a 

disposable 4 mm biopsy punch (pfm Medical, Germany), following the administration of a 

local anaesthetic (3-4 mL, 4 % procaine hydrochloride and 0.0036% adrenaline tartras, KELA, 

S.C.-epidural, Belgium). One biopsy was snap-frozen in liquid nitrogen and stored at -80 ℃ 

until RNA extraction was performed. The other one was stored for 10 hours in 4 % 

formaldehyde and paraffin-embedded for histology and immunohistochemistry. 

Approximately 100 mites were placed directly onto the skin within each chamber. Two skin 

biopsies were removed from each chamber at 1, 3, 6, 24 and 96 hours post infestation (hpi). 

At the termination of the experiment, all animals were treated topically with amitraz (Taktic) 

at the recommended dose, twice with a one-week interval. The experiment was approved by 

the Ethical Committee of the Faculties of Veterinary Medicine and Bioengineering Sciences of 

Ghent University (EC2019/64). 

Histological and Immunohistochemical examination of skin biopsies 

Serial sections (4-5 μm) were cut from paraffin embedded skin biopsies, dewaxed and stained 

with haematoxylin and eosin (H&E) for the detection of eosinophils or with Giemsa staining 

for the detection of mast cells. Eosinophils and mast cells were determined at a magnification 

of 400× using a LEICA light microscope. Ten photographs were analysed in different dermal 

layers for each section, i.e. 5 photographs were randomly taken from the epidermis/superficial 

dermis and 5 from the deep dermis. Results were expressed as the number of cells per 105 μm2 
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tissue surface. The width of the epidermal layer was measured at 400× magnification at 5 

different randomly selected transects along the skin surface. The thickness was expressed as 

the mean of the 5 measurements. The investigator was blinded to the allocated group. 

Immunohistochemistry was undertaken to identify the T-lymphocytes (CD3 staining) and B-

lymphocytes (CD20 staining) as described elsewhere (Sarre et al., 2015). Briefly, skin tissue 

sections were mounted on APES-coated slides, blocked with H2O2 and stained with polyclonal 

rabbit anti-human CD3 (Dako, Belgium) or rabbit anti-human CD20 (Sigma-Aldrich, USA) 

antibodies. T- and B-cells were visualized by adding peroxidase labelled goat anti-rabbit 

antibodies (Dako, Belgium), diaminobenzidine tetrahydrochloride (DAB; Dako, Belgium) and 

by performing a counterstaining with haematoxylin. T-cells and B-cells were quantified at 400× 

magnification using a LEICA light microscope. Pictures were randomly selected from the 

epidermis/superficial dermis and the deep dermis as described above. The area percentage of 

T-cells and B-cells was determined using the Colour Deconvolution plugin in ImageJ (Ross, 

2014).  

Total RNA extraction and reverse transcription  

The TissueLyser II instrument (Qiagen) was used to disrupt and homogenize the frozen skin 

samples. Total RNA was extracted with the RNeasy mini kit (Qiagen) following the 

manufacturer’s protocol with on-column DNase digestion. RNA yield was quantified by a 

Nano-Drop 2000 spectrophotometer (Thermo Scientific). The integrity and purity of RNA 

samples were assessed on the Experion automated electrophoresis system (Bio-Rad 

Laboratories) with the Experion RNA StdSence Analysis kit (Bio-Rad). RNA samples with a 

RNA Quality Index >7.5 were considered to be of acceptable quality (Denisov et al., 2008). 

cDNA was obtained by reverse transcribing 100~150 ng of purified total RNA using the iScript 

cDNA synthesis kit (Bio-rad). The cDNA was diluted 1:3 in dH2O and stored at -20 ℃ until 

use.  

Quantitative real-time polymerase chain reaction (PCR) 

A quantitative Real-Time PCR (qPCR) approach was used to measure the relative mRNA 

expression levels of a selection of genes in the BB and HF calves’ skin. The qPCR assay was 

performed on the Step One Plus Real-Time System (Applied Biosystems) using the SYBR 

Green Master Mix (Thermo Scientific) in a total volume of 20l, containing 10l SYBR green 

master mix, 1l of forward and reverse primers (500 nM), 6l RNase free water and 2l of 

template cDNA. The thermal cycling consisted of an initial denaturation at 95°C for 20s 
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followed by 40 cycles of denaturation at 95°C for 3s and primer annealing and elongation at 

60°C for 30s. All reactions were carried out in duplicate. The sequences of all the primers that 

were used can be found in Table 1. qPCR and normalization of the data, based on the reference 

genes GAPDH and RPS29 for BB and HF, were performed as previously described (Sarre et 

al., 2015). Gene transcription levels were evaluated based on the relative transcription level 

between the different timepoints.  

Statistical analysis 

GraphPad Prism 8 (GraphPad Software, San Diego, CA) was used to perform all statistical 

analyses. Comparing different time points with baseline within breed was done in the 

framework of rank-based repeated measures ANOVA, using Friedman’s multiple comparisons 

technique. Comparing the two breeds at a particular time point was based on the Mann-

Whitney U test using Bonferroni’s multiple comparisons correction. 
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Table 1. Primer sequences and amplicon details for BB cattle and HF cattle qPCR 

Gene Accession number  Primer sequence  

GAPDH  NM_001034034.1 
F: ACCCAGAAGACTGTGGATGG 

R: CAACAGACACGTTGGGAGTG 

RPS29   BC_102702 
F: GGAGCCATCCGAGAAAATTCG 

R: CAACTTAATGAAGCCGATGTCCTT 

IL-4  NM_173921.2 
F: GCGGACTTGACAGGAATCTC 

R: TCAGCGTACTTGTGCTCGTC 

IL-5  NM_173922.1 
F: TGGTGGCAGAGACCTTGACA 

R: TTCCCATCACCTATCAGCAGAGT 

IL-6  NM_173923.2 
F: TCCTTGCTGCTTTCACACTC 

R: CACCCCAGGCAGACTACTTC 

IL-8  NM_173925.2 
F: GCTGGCTGTTGCTCTCTTGG 

R: GGGTGGAAAGGTGTGGAATGTG 

IL-10  NM_174088.1 
F: TGTATCCACTTGCCAACCAG 

R: CAGCAGAGACTGGGTCAACA 

IL-13  NM_174089.1 
F: GGTGGCCTCACCTCCCCAAG 

R: ATGACACTGCAGTTGGAGATGCTG 

IL-17A NM_001008412.2 
TGAGGACAAGAACTTCCCACAGCA 

TAATCGGTGGGCCTTCTGGAGTTT 

IL-23A  NM_0012005688.1 
F: CCCGTATCCAGTGTGAGGAT 

R: AGTATGGAGGCGTGAAGCTG 

IFN-γ  NM_174086.1 
F: TTCTTGAATGGCAGCTCTGA 

R: TTCTCTTCGGCTTTCTGAGG 

CCL-5 NM_175827.2 
F: TTATCACCAGGAAGAAGCG 

R: AAGAGCGAGAAGCAAAGTT 

CCL-11 NM_205773.2 
F: GTATGATGGGGTGGGAGAC 

R: AAATGCAATGATTGGAGGA 

CCL-24 NM_001046596.2 
F: TGAGCACTACAGCCCCCTT 

R: CTAGACACATCCCCCGAGA 

CCL-26 NM_001205635.1 
F: CCAGCAACAACTGTGACCT 

R: CTCTCCTCTCCACCCTACC 

Foxp3 NM_001045933.1 
F: GACAGCACCCTTTCGACTGT 

R: CTCCAGAGATTGCACCACCT 

Filaggrin XM_010826841 
F: GCCCAGTTCTAGACGCTGAC 

R: TCAAGCCAGTGACAGTGAGG 

Involucrin XM_005203832 
F: AAGGTCTTGGGCCAGCACTTG 

R: GATGCTGGGTTGTAACTCCCCCCAC 

Loricrin NM_001113757 
F: CAGTGGATCCGTCTGCCTGGGA 

R: CATGAGAGCGGTAAGCCCATCGAC 

* IL8 (CXCL8), CCL5, CCL11, CCL24, and CCL26 designed based on bovine reference gene 

sequences from NCBI database. The other primers based on Sarre et al., (2015). 
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Results 

Before P. ovis infestation, no skin lesions were observed in BB and HF cattle. Post P. ovis 

infestation, the pathological changes in skin biopsies were examined in a time-course manner. 

Compared to pre-infestation samples, the width of the epidermal layer appeared to be not 

affected in BB cattle, whereas it increased significantly in HF cattle at 6 hpi and 24 hpi (Fig. 

1). At 96 hpi, severe dermal oedema and epidermal hyperplasia were found in both breeds (Fig. 

2A and Fig. 2B).  

The numbers of infiltrated immune cells in the epidermis/superficial dermis and deep dermis 

were determined at different timepoints post infestation. Immune cells were widespread and 

generally located in the dermis, stratum basale and even the stratum spinosum (Fig. 2 and Fig. 

3). In BB cattle, the number of eosinophils increased significantly from 1 hpi in both the deep 

dermis and superficial dermis/epidermis, while eosinophil numbers stayed low in HF, resulting 

in significantly higher numbers of eosinophils in BB than in HF cattle (Fig. 4). No significant 

changes in mast cell numbers were observed over time within breeds, except for a transient 

decrease in mast cell numbers in the epidermis/superficial dermis of HF animals at 6 hpi. 

Despite the fact that mast cell numbers did not significantly increase in BB during the 

infestation, mast cell numbers in the deep dermis were significantly higher in BB than in HF 

cattle at different timepoints post infestation (Fig. 4). The CD3-positive T-cell area gradually 

increased and peaked at 24 hpi in the deep dermis and 96 hpi in the epidermis/superficial dermis 

of BB cattle. Although no significant increase in the CD3-positive T-cell area was observed in 

the HF group, the CD3-positive T-cell area in HF cattle was significantly greater than in BB, 

both pre- and post-infestation (Fig. 4). The CD20-positive B-cell area did not significantly 

change over time in either cattle breed, except for a significant increase at 3 hpi in the deep 

dermis of BB (Fig. 4). The B-cell positive area was not significantly different between breeds. 
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Figure 1. The width of the epidermis at different time points in Belgian Blue (BB) and Holstein-Friesian 

(HF) cattle after artificial infestation with Psoroptes ovis (mean and individual values). Statistical 

significance within breed was assumed at *p<0.05 and **p<0.01; statistical significance between two 

breeds was assumed at #P<0.0083 and ##P<0.0017. 

 

 

Figure 2. Representative histology of the skin of BB cattle and HF cattle at 96 hours post infestation 

with Psoroptes ovis. (A) BB cattle, Hematoxylin and Eosin stain (unfilled arrow); (B) HF cattle, 

Hematoxylin and Eosin stain (unfilled arrow); (C) BB cattle, Giemsa mast cell stain (dashed line arrow); 

(D) HF cattle, Giemsa mast cell stain (dashed line arrow). There is a marked dermal oedema (filled 

arrows) and epidermal hyperplasia.  400. 
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Figure 3. Representative immunohistochemistry of the skin of BB cattle and HF cattle at 96 hours post 

infestation with Psoroptes ovis. (A) BB cattle, anti-CD3+ antibody T cell stain (unfilled arrow); (B) HF 

cattle, anti-CD3+ antibody T cell stain (unfilled arrow); (C) BB cattle, anti-CD20+ antibody B cell stain 

(dashed line arrow); (D) HF cattle, anti-CD20+ antibody B cell stain (dashed line arrow).  400. 

 

The levels of cytokines involved in Th1/Th2/Th17/Treg immune responses, chemokines 

involved in the recruitment and activation of immune cells and genes related to epidermal 

integrity were determined (Fig. 5 and Fig.6). IFN- levels did not significantly change over 

time within breeds, but BB cattle expressed higher levels of IFN- throughout the study than 

HF cattle (also pre-infestation). No significant changes in transcription levels of the Th2-type 

cytokines IL-4, IL-5, IL-6, IL-10 and IL-13 were observed at any time point in both breeds, 

nor were there any significant differences between breeds, except for a higher transcription of 

IL-4 at 3 hpi in BB cattle. Likewise, there were no significant changes within breeds or 

differences between breeds for the Th-17 cytokines IL-17A and IL-23. In addition, no 

significant changes in IL-8 and CCL-5 transcription were detected in both breeds. CCL-11 

transcription was significantly upregulated in HF at 96 hpi. A significantly decreased 

transcription of CCL-24 and CCL-26 was detected in both breeds, compared with pre-

infestation samples. No significant differences between both cattle breeds were observed for 

any of the CC chemokine ligand genes. There were also no significant changes within breeds 

or differences between breeds for Foxp3, involucrin, filaggrin and loricrin.  
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Figure 4. Histological cell counts in the epidermis/superficial dermis and deep dermis of skin biopsies 

at different time points after Psoroptes ovis infestation for individual BB cattle and HF cattle. The 

results are presented as mean number of eosinophils and mast cells per 105 m2 and as area percent of 

CD3+ (T-cells) and CD20+ (B-cells). Statistical significance within breed was assumed at (*)p=0.056, 

*p<0.05, and **p<0.01; statistical significance between two breeds was assumed at #P<0.0083, and 
##P<0.0017. 
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Figure 5. The normalized expression levels of a selection of cytokines at different time points after a 

Psoroptes ovis infestation in individual BB cattle and HF cattle. Statistical significance between the 

breeds was assumed at #P<0.0083, and ##P<0.0017. 
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Figure 6. The normalized expression levels of a selection of chemokines and genes related to pathology 

at different time points following a Psoroptes ovis infection in individual BB cattle and HF cattle. 

Statistical significance within breed was assumed at (*)p=0.056, *p<0.05, and **p<0.01. 

 

Discussion 

In the present study, the pathogenesis of psoroptic mange in BB cattle and HF cattle during the 

early phase of infestation was described and compared, in order to identify critical factors 

involved in the development of a Th2-induced hypersensitivity reaction and in the previously 

observed breed difference (Sarre et al., 2015).  

Major pathological changes of P. ovis infestation in both breeds included dermal oedema and 

epidermal hyperplasia, which is in accordance with the histopathology of P. ovis infestations 

in sheep (Van den Broek et al., 2004). Increased thickness of the epidermis was only observed 

in HF cattle from 6 hpi onwards, but apart from one time point (6 hpi), epidermal width was 

not significantly different between breeds.  

A severe infiltration of eosinophils in the epidermis and dermis of the cattle skin was 

demonstrated in BB but not in HF. Higher numbers of eosinophils were also observed in BB 
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cattle than in HF cattle in a later phase of P. ovis infestation (Chapter 4). Significant influxes 

of eosinophils were also demonstrated in P. ovis infestations in sheep (Van den Broek et al., 

2004). It was suggested that the rapid inflammatory eosinophil response may help the mites to 

feed and persist on the host for longer periods (Huntley et al., 2005). 

In contrast to sheep, mast cells seemed not involved in this process, since we did not observe 

a significant increase of the number of mast cells in the dermis in both breeds. In line with our 

findings, previous research demonstrated that the number of mast cells in cattle did not differ 

between infested animals and uninfested controls (Sarre et al., 2015). Furthermore, HF cattle 

showed a smaller number of mast cells than BB cattle, which is in agreement with our previous 

study (Chapter 4). The smaller number of eosinophils and mast cells during P. ovis infestation 

in HF cattle may restrict the damage to keratinocytes and the disruption of the epidermal barrier 

(Stromberg and Guillot, 1989), which may contribute to their resilience against P. ovis 

infestation.  

Interestingly, the CD3-positive T-cell area in HF cattle was significantly higher than in BB 

cattle, before infestation, during the early phase of the infestation (current study), as well as in 

the later phase of infestation (Chapter 4). Since no further T-lymphocyte markers were used in 

our experiment, the T-cell population could not be subtyped. We hypothesize that a subtype 

differences of T-cells could also contribute to the different susceptibility of these two breeds, 

since regulatory T-cells are able to suppress the immune responses (Arlian et al., 2014). 

However, this hypothesis was not supported by transcription levels of the Treg marker Foxp3 

and the immune modulatory cytokine IL-10, which were not significantly different between 

the two breeds. This is in contrast with sheep scab, where up-regulation of Foxp3 was observed 

at 3 hpi and 6 hpi (Burgess et al., 2010). Therefore, more investigations are needed to identify 

the T-cells during P. ovis infestation in cattle.  

Chemokines are involved in allergic inflammation of psoriasis and atopic dermatitis because 

they potently attract eosinophils, basophils, monocytes and T-lymphocytes (Homey and 

Zlotnik, 1999; Menzies-Gow et al., 2002; Nedoszytko et al., 2014; Owczarek et al., 2010). 

Mechanistically, CCL-26 may cooperate with CCL-5, CCL-11 and CCL-24, promoting 

eosinophil recruitment and activation (Nedoszytko et al., 2014; Owczarek et al., 2010). In 

contrast with the significantly increased eosinophil numbers in BB cattle, no changes in CCL5 

and CCL11 transcription levels were observed in both breeds. Moreover, CCL-24 and CCL-26 

were down-regulated in both cattle breeds post P. ovis infestation. Similarly, CCL-26 

transcription was also down-regulated in sheep following P. ovis infestation (Burgess et al., 
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2010; Burgess et al., 2011). Previous in vitro tests demonstrated that whole mite extracts were 

able to enhance the migration of ovine eosinophils (Wildblood and Jones, 2007). This suggests 

that the massive and very early infiltration of eosinophils in vivo could be directly activated by 

P. ovis mites.  

One issue with the transcription level of allergy and inflammation related pro-inflammatory 

cytokines was that there were little changes over time in our dataset, which was inconsistent 

with the influx of immune cells. Although a lack of significance (including IL-6 and IL-8) was 

also observed in sheep scab, other pro-inflammatory factors (such as IL-4 and adhesion 

molecules) were significantly increased compared to pre-infestation (Burgess et al., 2010). One 

possible reason is that the chamber used in the present study for the infestation was 7.07 cm2 

(3 cm diameter), while the biopsy size was only 0.13 cm2 (4 mm diameter). Compared to cattle, 

the infestation area and biopsy size in sheep were 0.75 cm2 (1 cm diameter) and 0.5 cm2 (8 mm 

diameter), respectively (Burgess et al., 2010). Therefore, we cannot guarantee that all of our 

samples were taken exactly at a site that was actively infested. In addition, clinical observation 

in sheep has shown that P. ovis mites provoke cutaneous inflammation within hours of 

experimental infestation (Van den Broek et al., 2004), but the development of clinical signs in 

cattle only occurs at one or two weeks post infestation (Stromberg and Fisher, 1986). The 

slower lesion development in cattle than in sheep may be also a reason why less changes were 

observed in the early phase. Besides the development of clinical signs, the transcription of three 

epidermal differentiation complex genes, i.e. loricrin, filaggrin and involucrin did not 

significantly change during the early phase of infestation. In contrast, the transcription of these 

genes was down-regulated in affected sheep skin, possibly due to an increased Th2 cytokine 

expression (Burgess et al., 2010). This may also in part explain the difference between sheep 

and cattle against P. ovis infestation.  

In conclusion, BB cattle display a stronger immune response with more pronounced eosinophil 

infiltration than HF cattle in the early dermal response to P. ovis infestation. We hypothesize 

that, in line with results from the later phase dermal response of cattle and results from sheep, 

this may cause the higher susceptibility of the BB breed.  
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As described in Chapter 1, the intensive and incorrect use of acaricides has led to drug 

resistance (Doherty et al., 2018; Lekimme et al., 2010; Lifschitz et al., 2018; O’Brien, 1999; 

Sarre et al., 2012; van Mol et al., 2020). As a consequence, there is an urgent need to develop 

new effective and safe acaricidal agents for treatment and control of psoroptic mange. 

Practically speaking, improving general farm management will help to exclude infestation risk 

factors for controlling psoroptic mange (Bates, 2012; Sarre et al., 2012). Furthermore, 

alternative control methods are necessary to explore, including natural compounds (Ellse and 

Wall, 2014), immunological control (i.e. vaccination or immunosuppression) (Nisbet and 

Huntley, 2006), and breeding resistant animals (Coussé et al., 2016) (Fig. 1). 

 

Figure 1. Treatment/control methods of psoroptic mange.  

 

The aims of this PhD thesis were to evaluate potential plant-derived acaricidal agents (essential 

oil components) against P. ovis in vitro and in vivo, to identify immune responses related to the 

higher susceptibility of Belgian Blue (BB) versus Holstein-Friesian (HF) cattle for psoroptic 

mange and to monitor the effect of immunosuppression with dexamethasone on the 

development of psoroptic mange in BB cattle.  

Acaricidal activity of essential oil compounds 

In veterinary medicine, plant-derived products, such as essential oils, can act as control agents 

against many ectoparasites, particularly lice, mites, and ticks (Ellse and Wall, 2014). Due to a 

complex mixture of compounds, the mechanism of essential oils against those arthropod 
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ectoparasites may be difficult to elucidate. Therefore, individual compounds of essential oils 

are often used to investigate the acaricidal activity. In the present study, the acaricidal activity 

of four essential oil compounds (geraniol, eugenol, carvacrol and 1,8-cineol) against P. ovis 

mites was assessed in vitro (contact assay, fumigation assay and residual assay) and in vivo and 

the reaction of the bovine skin to treatment with carvacrol in BB cattle was studied. As shown 

in Chapter 3, the results demonstrated that geraniol, eugenol and carvacrol exhibited a 

significant time- and concentration-dependent acaricidal activity against P. ovis in contact 

assays. However, the efficacy of those compounds against P. ovis in the present study was 

lower than efficacy levels in previous studies (Dunn et al., 2016; Ma et al., 2019; Perrucci et 

al., 1995; Shang et al., 2019). It is unclear what caused this discrepancy. As discussed in 

Chapter 3, the observed differences may be due to differences in the experimental design, such 

as the use of filter paper versus immersion, the use of different solvents and different incubation 

temperatures. Nevertheless, all results indicate that these natural compounds might have a good 

acaricidal activity in vitro. The biological activity of natural compounds may be associated 

with their chemical structures. Previous studies indicated that a stronger acaricidal activity of 

the monoterpenes in contact assays may be related to the presence of free alcoholic or phenolic 

functional groups (Perrucci et al., 1995). This is in line with our results that 1,8-cineol without 

free alcoholic or phenolic functional groups, had no acaricidal activity at low concentrations in 

a contact assay (Fig. 2).  

 

Figure 2. Chemical structures of geraniol, eugenol, carvacrol and 1,8-cineol from the National Center 

for Biotechnology Information (NCBI) https://pubchem.ncbi.nlm.nih.gov/. 

 

Although many natural compounds work very well in vitro, there are only few studies that 

verified their efficacy in vivo (Shang et al., 2019). To confirm the potential of essential oil 

components as natural acaricidal compounds, more studies need to be done in vivo. As shown 

in Chapter 3, a topical treatment with 2% carvacrol exhibited acaricidal activity in vivo against 

a P. ovis infestation in BB cattle and only caused slight and transient erythema on the calves’ 

skin. However, there was less than 100% reduction in mite counts after three treatments with 

2% carvacrol, which is in line with a previous study with trans-cinnamic acid in sheep (Wall 

https://pubchem.ncbi.nlm.nih.gov/
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and Bates, 2011). This result indicates that a full protection against P. ovis in sheep and cattle 

may require treatment of a larger area (e.g. the whole body) and/or more frequent treatments. 

Perhaps higher concentrations than in the present study would also provide a better effect. 

However, topical application of essential oils with higher concentrations could induce 

concentration dependent skin irritation or inflammation (Yamate, 2018). 

Besides skin irritation or inflammation, other barriers for further commercial development 

caused by improving the concentration of natural compounds should be considered, including 

residues in animal products and environment pollution. Although the risk for carvacrol residues 

in meat or milk and ecotoxicity is yet to be evaluated extensively, the use of carvacrol for 

management of mastitis in organic dairy cattle showed that it may maintain organic status 

through its short residue half-live and a zero-day withhold compared to synthetic antibiotics 

(Mason et al., 2017). Due to the volatile nature of carvacrol, there is probably a much lower 

level of risk to the environment than with current synthetic pesticides (Govindarajan et al., 

2016). In addition, carvacrol showed a high efficacy against ticks (Cetin et al., 2010; Koc et 

al., 2013; Senra et al., 2013) and lice (Z. Chen, unpublished results), suggesting that carvacrol 

can also be considered as a promising alternative to control infestation with other ectoparasites. 

Carvacrol is not only highly effective and has broad-spectrum insecticidal and acaricidal 

activities, but it is also easy to extract from aromatic plants (e.g. oregano and thyme) (De 

Vincenzi et al., 2004) or to synthesize by chemical methods (Gozzi et al., 2009). Taken together, 

these data indicated that carvacrol has potential to serve as a natural acaricidal agent in the 

treatment of P. ovis infestations in cattle. 

It will be interesting and important as well to study the mechanism of carvacrol against P. ovis 

mites. In order to clarify their mechanism, further work should therefore be considered to 

determine the target pathways and the action sites of carvacrol. An interesting finding of this 

work was that the P. ovis mites displayed excited behaviour and moved in circles prior to 

slowing down and eventually dying. This result suggests that the nervous system of the mites 

could be of future interest to look into the potential action sites of carvacrol. The mechanism 

behind the acaricidal activity of carvacrol could be investigated by using the genomic and 

transcriptomic data of P. ovis that has previously been generated (Burgess et al., 2019). This is 

supported by the results of a study where, using transcriptomics and proteomics, the acaricidal 

mechanism of octadecanoic acid-3,4-tetrahydrofuran diester against S. scabiei was attributed 

to interference with the energy metabolism, especially the oxidative phosphorylation pathway 

(Song et al., 2017).  
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Host immune responses and breed susceptibility 

In order to effectively control psoroptic mange we need to understand the biology of P. ovis 

and the host-parasite relationship. Therefore, one of the aims of this thesis was to compare the 

development of lesions and the immune response against P. ovis between artificially infested 

BB and HF cattle. As shown in Chapter 4 and Chapter 5, the main finding is that, similar to 

sheep scab (Van den Broek et al., 2004; Van den Broek and Huntley, 2003), an allergic reaction 

dominated by a Th2 immune response with infiltration of eosinophils was observed. This result 

indicates that the inflammation with eosinophils is associated with the development of skin 

lesions. In humans and pigs with a S. scabiei infection, histological examination of skin lesions 

also shows large numbers of eosinophils in crusted scabies (Mounsey et al., 2015; Walton, 

2010). Although infiltration of eosinophils was detected in sheep and cattle, surprisingly, no 

upregulation of eotaxins (eosinophil chemotactic proteins) was observed. It is possible that the 

massive and very early infiltration of eosinophils in vivo could be directly recruited and 

activated by P. ovis mites. In line with this hypothesis, in vitro tests demonstrated that whole 

mite extracts were able to enhance the migration of ovine eosinophils (Wildblood and Jones, 

2007).  

However, it needs to be pointed out that there are also a few differences between cattle and 

sheep during P. ovis infestation. For instance, lesions develop slower in cattle, and only occur 

one or two weeks post infestation. This result is in line with a previous report in cattle 

(Stromberg and Fisher, 1986). In contrast, in sheep, a cutaneous inflammation with itching 

within hours after infestation is a characteristic feature of a P. ovis infestation (Van den Broek 

et al., 2004). It indicates that the immune responses in cattle might develop more slowly as 

compared to sheep. The slower development of lesions in cattle is consistent with the absence 

of any observed immune responses in the early phase of infestation (up to 96 hpi), except for 

the influx of eosinophils (Chapter 5). 

Besides the difference in the speed of lesion development, the role of mast cells is also different 

between sheep and cattle. In cattle, mast cells do not seem to be involved in the immune 

response against P. ovis, since we did not observe a significant increase of the number of mast 

cells in the dermis in both breeds after artificial infestation. In line with our findings, previous 

research demonstrated that the number of mast cells in cattle did not differ between naturally 

infested animals and uninfested controls (Sarre et al., 2015). In contrast, in affected sheep skin, 

a fast infiltration of mast cells post infection is reported (Van den Broek et al., 2004). Although 

a lot of neutrophils were also attracted into epidermis in sheep during P. ovis infestation, we 
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did not count the neutrophils in bovine skin samples. Therefore, we do not know whether or 

not there is a difference in the role of neutrophils in psoroptic mange between sheep and cattle.  

In addition, within cattle, we observed differences between a more susceptibility and a more 

resistant breed. In the present study, a stronger eosinophil infiltration (and higher IL-4 

transcription at a single time point) was seen in BB cattle, which develop more severe lesions 

than HF. It seems like the immune response in the more susceptibility BB breed is more similar 

to the immune response in sheep (Burgess et al., 2010; Van den Broek et al., 2004; Van den 

Broek and Huntley, 2003). Moreover, in humans and pigs with a S. scabiei infestation, chronic 

excessive mange lesions (crusted scabies) are caused by a mixed Th2/Th17 response (Liu et 

al., 2014; Mounsey et al., 2015; Walton, 2010). Similarly, an increased Th2/Th17 immune 

response was observed in BB cattle naturally infested by P. ovis (Sarre et al., 2015). Although 

the expression of IL-17A was slightly increased in BB cattle and was decreased in HF cattle in 

comparison with pre-infestation, these were not significantly different in our study. Taken 

together, the development of lesions may be consistent with a strong and unregulated Th2/Th17 

immune response. Previous research in pigs with a S. scabiei infestation showed that peak 

expression of IL-17A could be occurring latter than 6 wpi ((Liu et al., 2014; Mounsey et al., 

2015). Therefore, the infestation time should be extended in further research. In addition, 

immunohistochemistry is also possible for IL-17 detection. Combining qPCR and 

immunohistochemistry, we may confirm whether or not IL-17A transcription would be 

different between BB cattle and HF cattle. 

Additionally, there are some contradictory results that were notified in the different chapters. 

For example, the transcription level of IFN- was higher in HF than in BB cattle in the later 

response, but it was higher in BB than that in HF in the early response. The reason for this 

difference before infestation may be caused by the genetic background of the animals. This 

phenomenon was be also found in a porcine model of crusted versus ordinary scabies, with 

many genes differentially expressed at Week 0 (Bhat et al., 2020). 

In our experiment, more T-cells were observed in the less susceptible HF cattle breed compared 

to the more susceptible BB, but the relevance of this observation is still not clear. Since no 

specific markers for T-lymphocyte subpopulations were used, the T-cell population could not 

be further subtyped. We hypothesized that a regulatory T-cells (Treg) immune response may 

contribute to the different susceptibility of these two breeds. However, this hypothesis was not 

supported by the transcription levels of IL-10 and Foxp3 in the present study, which were not 

significantly different between the two breeds. Therefore, further investigations are needed to 
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confirm the subtype of T-cells during a P. ovis infestation in cattle. 

Effect of anti-inflammatory dexamethasone treatment on lesion development 

To investigate a causal relationship between the host immune response and the development of 

skin lesions, naturally infested BB cattle were treated with an anti-inflammatory dose of 

dexamethasone. Our results in Chapter 4 showed that treatment of BB cattle with 

dexamethasone induced a profound suppression of lesion development and the number of 

immune cells (such as eosinophils and T-cells), and a non-significant reduction in mite numbers 

compared to the control group. Similarly, in sheep, anti-inflammatory treatment with 

Cyclosporin A led to significantly depressed lesion development and the population of immune 

cells and almost totally reduced mite numbers compared to the normal course of infection 

(Huntley et al., 2005). Those results confirm that an inflammatory response is related to the 

development of psoroptic mange lesions in both sheep and cattle. Therefore, the present 

findings suggest that an anti-inflammatory treatment could be used as an alternative method 

for controlling a P. ovis infestation. Nevertheless, adverse effects to dexamethasone generally 

occur with long-term administration, especially when high doses and frequent treatments are 

used. Those adverse effects to corticosteroids include gastric ulceration, laminitis, delayed 

wound healing, skin thinning and hepatopathy (Bennett and Brown, 2008). Moreover, 

dexamethasone treated animals may be more susceptible to bacterial or viral infections (Orr et 

al., 2014). Dexamethasone should also be avoided or used very carefully in pregnant cattle 

because of the risk to induce calving or abortion and in young animals due to their immune 

incompetence (Orr et al., 2014).  

In the present study, dexamethasone treatment only suppressed the lesion development, but 

caused no significant reduction in mite numbers. Consequently, the infestation could increase 

again after termination of the treatment. Since carvacrol treatment is able to directly kill P. ovis 

mites and dexamethasone is also used topically to treat a variety of skin problems in dogs and 

cats, e.g. itching (Cobb et al., 2005; Mueller et al., 2012), a combination of topical treatment 

of dexamethasone and carvacrol could be a possible strategy for treating psoroptic mange. To 

further evaluate this combination method, more studies need to be done.  

Future integrated control of psoroptic mange  

The first thing that should be taken into account to control a P. ovis infestation is good farm 

management, which limits the parasite transmission and contains the infestation level. For 

instance, maintaining a good animal hygiene at farm level may contribute to control psoroptic 
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mange (Sarre et al., 2012). Other management factors may also help to control psoroptic mange, 

such as quarantine, limit purchase of animals and optimise feed (Sarre et al., 2012). In addition, 

farm management will also help therapeutic treatments to keep the infection under control.  

Although a range of acaricide drugs could provide effective control for psoroptic mange, 

acaricide resistance is observed in the field (Doherty et al., 2018; Lifschitz et al., 2018; van 

Mol et al., 2020). Essential oil compounds may be used as an alternative treatment. Perhaps 

those natural compounds may give a full protection against a P. ovis infestation, but they are 

short working. Therefore, multiple treatments are needed. As described above, a combination 

of topical anti-inflammatory treatment and treatment with natural essential oil compounds 

could be a possible strategy for treating psoroptic mange.  

Apart from natural compounds and immunosuppression, the development of vaccines could be 

another control measure in the future (Chapter 1). Immunisation of sheep with a recombinant 

subunit vaccine consisting of seven P. ovis antigens (including Pso o 1, Pso o 2, Pso o 3, Pso o 

10, Cathepsin L, muGST and cyclophilin) caused a significant reduction in lesion size and mite 

numbers following challenge infestation (Burgess et al., 2016). In contrast, vaccination with 

recombinant P. cuniculi actin and SsTm had no clinical protective efficacy against P. cuniculi 

(Zheng et al., 2013) and S. scabiei (Zhang et al., 2012) infections in rabbits, respectively. 

Unfortunately, the sheep recombinant vaccine (Burgess et al., 2016) was not protective in cattle 

(unpublished data). Although these experimental vaccines are not able to fully protect 

individuals from infestation through induction of immunity (Burgess et al., 2016; Pruett, 1999), 

they have potential to reduce the parasite population and clinical disease. Future study is 

necessary to further explore the potential of vaccines against P. ovis. However, since it is the 

immune response that is causing the lesions in BB cattle, the infestation may actually worsen 

by vaccinating the animals against this parasite, unless some of the allergens that trigger these 

immune responses can be targeted by the vaccine. Future studies are therefore necessary to 

further explore the potential of vaccines against P. ovis in cattle.  

Previous studies also suggested that the susceptibility of BB cattle to P. ovis could be influenced 

by genetic factors as mange sensitivity was shown to be heritable (Coussé et al., 2014; Coussé 

et al., 2016). Therefore, breeding for resistance to P. ovis may be as a valuable option to enhance 

parasite control. Although there is no empirical evidence to suggest that BB cattle less 

susceptible to mange could be bred by affecting gene expression related to Th2 or Th17 

immune response, a mixed Th2/Th17 type immune response was shown to be associated with 

lesion development in cattle. Therefore, selection for resistance against psoroptic mange 
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resistance at the level of an adaptive response may be possible.  

In conclusion, the work in this thesis provides new insights in the treatment of psoroptic mange 

and identifies several factors related to the severe manifestation of this disease in BB cattle. 

The acaricidal activity of plant-derived essential oil compounds in vitro and in vivo and the 

mild side effects suggested that carvacrol is a potential acaricidal agent in the treatment of P. 

ovis. Clearly, an inflammatory response is related to the development of psoroptic mange 

lesions in cattle. Therefore, immunotherapy could be an alternative method for controlling P. 

ovis infestation.  
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Psoroptic mange is a common disease of livestock, such as sheep and cattle, which is caused 

by Psoroptes ovis. This disease reduces animal welfare and causes financial losses, due to 

reduced growth and treatment costs. Although current treatments are still working to some 

degree, acaricide resistance is emerging. Therefore, treatment of psoroptic mange is still a 

problem, especially in Belgian Blue (BB) cattle, which are more susceptible than Holstein 

Friesian (HF) and other cattle breeds. In order to solve this problem, alternatives should be 

investigated. One possible alternative is the use of plant-derived essential oils. However, 

essential oils are known to have a complex mixture of compounds which makes it difficult to 

pinpoint the acaricidal activity to a certain compound or a composition of compounds. 

Therefore, the acaricidal activity of different plant-derived essential oil components against P. 

ovis should be assessed. Another possible alternative is vaccination or immunotherapy. 

However, there is not much information about the immune response against P. ovis mite in 

cattle. Therefore, more insight into the diverse mechanisms of the mite-specific immune 

response in cattle needs to be generated. The aims of this thesis were to assess the use of 

essential oil components as an alternative for chemical acaricides and to investigate the 

immune response against P. ovis in different cattle breeds, to facilitate the development of long-

term alternatives, such as immune suppressive therapy, vaccination or genetic selection.  

In Chapter 1, a literature review focuses on the taxonomy, life cycle, epidemiology, 

pathogenesis, clinical signs, diagnosis and treatment of P. ovis, with emphasis on host immune 

reactions during P. ovis infestation and potential alternative control methods, such as the use 

of essential oil (components). 

In Chapter 2, the aims of the thesis were formulated. The first objective of this thesis was to 

evaluate the efficacy of essential oil components against P. ovis in vitro and in vivo. The second 

objective was to identify immune responses related to the higher sensitivity for P. ovis of BB 

cattle versus HF cattle under experimental infestation conditions. The third objective was to 

monitor the effect of anti-inflammatory treatment with dexamethasone on the development of 

psoroptic mange in BB cattle.  

In Chapter 3, the acaricidal activity of plant-derived essential oil components against P. ovis 

in vitro and in vivo was studied. Three components showed a concentration-dependent 

acaricidal activity in a contact assay, with LC50 of 0.56, 0.38 and 0.26% at 24 h for geraniol, 

eugenol, and carvacrol, respectively. However, 1,8-cineol showed no activity at any of the 

tested concentrations in a contact bioassay. In a fumigation bioassay, carvacrol killed all mites 
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within 50 min after treatment, whereas geraniol, eugenol and 1,8-cineol needed 90 to 150 min. 

Following a 72 h incubation period in a residual bioassay, carvacrol killed all mites after 4 h of 

exposure to LC90, while geraniol and eugenol killed all mites only after 8 h exposure. Based on 

these in vitro results carvacrol was deemed to be the most potent compound against P. ovis 

mites. Therefore, carvacrol was further assessed in vivo. Twelve BB cattle were artificially 

infested and treated topically once a week for three successive weeks with 2% carvacrol in 

Tween-80 (treatment group) or with Tween-80 alone (control). The efficacy of carvacrol was 

determined by the reduction in lesion size and mite counts. Mite counts in the treatment group 

were reduced by 98.5 ± 2.4% at 6 weeks post-treatment, while in the control group the mite 

population had increased. Although the surface of the skin lesions in the treatment group did 

not decrease after treatment, the lesions appearance changed from active to healing lesions 

from one week following treatment. As the experiment developed, the treated calves appeared 

to suffer less from pruritus and self-trauma than the control group. Topical application of 

carvacrol only caused mild and transient erythema 20 min after treatment. No other side effects 

were observed. Considering the strong acaricidal activity of carvacrol in vitro and in vivo and 

the mild and transient local side effects, carvacrol shows potential as an acaricidal agent in the 

treatment of P. ovis in cattle. 

In Chapter 4, the dermal immune responses against P. ovis were investigated in cattle. To 

determine the factors responsible for the different susceptibility between different breeds, the 

immune response to P. ovis was studied in experimentally infested BB and HF cattle, using 

clinical signs, histology, immunohistochemical profiling and gene expression analysis of skin 

biopsies. The experimental animals were infested with 400~500 mites (nymphs and adults) 

isolated from naturally infested BB cattle. The lesion area significantly increased in both breeds 

from 4 weeks post infestation (wpi). The mite numbers and lesion area of BB cattle were higher 

than in HF cattle during the whole study period. Significant influxes of eosinophils in 

epidermis/superficial dermis and the deep dermis were detected in comparison with the pre-

infestation samples in both breeds, with significant higher numbers of eosinophils in BB at 6 

wpi. Mast cell numbers appeared to be unaffected at all stages of infestation in HF cattle, but 

were significantly elevated relative to pre-infestation in BB cattle at 2 and 6 wpi. However, 

more T-lymphocytes were counted in the epidermis /superficial dermis and the deep dermis in 

HF cattle than in BB cattle before infestation and at 5 wpi. The more pronounced cutaneous 

eosinophilia and higher IL-4 levels at 6 wpi in BB cattle suggest that a Th2-type immune 

response is underlying the higher susceptibility of the BB breed. To test the hypothesis that the 
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host immune response is responsible for the lesion development in psoroptic mange, the effect 

of anti-inflammatory treatment with dexamethasone on the development of psoroptic mange 

was investigated in naturally infested BB cattle. The development of mange lesions and 

numbers of eosinophils and CD3+ T-cells were severely depressed after anti-inflammatory 

treatment with dexamethasone. Together, these results suggest that a Th2-type immune 

response to P. ovis causes the skin lesions in psoroptic mange in BB cattle and that local anti-

inflammatory treatment could potentially be an alternative to control P. ovis infestation.  

In Chapter 5, the early stage of dermal immune responses against P. ovis was studied in 

artificially infested BB and HF cattle, using histopathological and immunological analyses of 

skin biopsies. Significant influxes of eosinophils, T-cells, and B-cells in the epidermis and 

dermis were detected in comparison with the pre-infestation samples only in BB cattle. Mast 

cell counts remained stable during the infestation in both cattle breeds, but were significantly 

higher in BB than in HF cattle in the deep dermis. Despite the marked influx of eosinophils, 

transcription of the eotaxins CCL-24 and CCL-26 was significantly down-regulated in both 

breeds, and the transcription of CCL-5 and CCL-11 remained unchanged. Although the Th2 

type cytokines were not significantly upregulated, the higher influx of eosinophils may underly 

the higher susceptibility of the BB breed to P. ovis.  

In Chapter 6, a general discussion on the research data generated in this thesis was formulated, 

in which the insights in potential alternatives for controlling P. ovis and several potential factors 

for the high susceptibility of BB cattle towards psoroptic mange were summarized. The main 

conclusions drawn in this thesis are: (1) the acaricidal activity of plant-derived essential oil 

compounds in vitro and in vivo and the mild side effects suggest that carvacrol is a potential 

acaricidal agent for the treatment of P. ovis; (2) a cutaneous inflammatory response is related 

to the development of psoroptic mange lesions in cattle. Therefore, immunotherapy could be 

an alternative method for controlling P. ovis infestation; (3) Breed differences in susceptibility 

to P. ovis infestation between BB and HF were confirmed. Although the experimental 

infestation studies did not fully unveil the difference between two cattle breeds, an increased 

influx of eosinophils seems to be related with the higher susceptibility of BB. Therefore, 

breeding for genetic resistance should be further investigated as well as other control method, 

such as vaccination or farm management.
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Psoroptes-schurft is een veel voorkomende ziekte bij schapen en runderen, die wordt 

veroorzaakt door de mijt Psoroptes ovis. Deze ziekte vermindert het dierenwelzijn en 

veroorzaakt financiële verliezen door lagere groei- en bijkomende behandelingskosten. 

Hoewel de huidige behandelingen tot op zekere hoogte nog steeds werken, is resistentie tegen 

acariciden in opkomst. Daarom is de behandeling van Psoroptes-schurft nog steeds een 

probleem, vooral bij Belgisch Wit-Blauw (BWB) runderen, die gevoeliger zijn dan Holstein 

Friesian (HF) en andere runderrassen. Om dit probleem op te lossen moeten alternatieven 

worden onderzocht. Een mogelijk alternatief is het gebruik van etherische oliën van 

plantaardige oorsprong. Het is echter bekend dat etherische oliën uit een complex mengsel van 

verbindingen bestaan, waardoor het moeilijk is om de acaricide activiteit aan een bepaalde 

verbinding of een samenstelling van verbindingen vast te stellen. Daarom moet de acaricide 

activiteit van verschillende individuele plantaardige etherische oliecomponenten tegen P. ovis 

worden beoordeeld. Een ander mogelijk alternatief voor de bestrijding van schurft is vaccinatie 

of immunotherapie. Er is echter niet veel informatie over de immuunrespons tegen P. ovis 

mijten bij runderen. Daarom moet er meer inzicht worden verkregen in de diverse 

mechanismen van de parasiet-specifieke immuunrespons bij runderen. Het doel van dit 

proefschrift was om het gebruik van etherische oliecomponenten als alternatief voor chemische 

acariciden te beoordelen en om de immuunrespons tegen P. ovis bij verschillende runderrassen 

te onderzoeken, om de ontwikkeling van lange termijn alternatieven, zoals anti-inflammatoire 

therapie, vaccinatie of genetische selectie, mogelijk te maken. 

In Hoofdstuk 1 richt een literatuuronderzoek zich op de taxonomie, levenscyclus, 

epidemiologie, pathogenese, klinische symptomen, diagnose en behandeling van P. ovis, met 

de nadruk op immuunreacties van de gastheer tijdens P. ovis besmetting en mogelijke 

alternatieve controlemethoden, zoals het gebruik van etherische olie (componenten). 

In Hoofdstuk 2 zijn de doelstellingen van het proefschrift geformuleerd. Het eerste doel van 

dit proefschrift was om de werkzaamheid van etherische oliecomponenten tegen P. ovis in vitro 

en in vivo te evalueren. Het tweede doel was om immuun-responsen te identificeren die verband 

houden met de hogere gevoeligheid voor P. ovis van BWB-runderen versus HF-runderen onder 

experimentele besmettingsomstandigheden. De derde doelstelling was om het effect van 

ontstekingsremmende behandeling met dexamethason op de ontwikkeling van psoroptische 

schurft bij BWB-runderen te volgen. 

In Hoofdstuk 3 werd de acaricide werking van plantaardige etherische olie componenten tegen 
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P. ovis in vitro en in vivo onderzocht. Drie componenten vertoonden een concentratie-

afhankelijke acaricide activiteit in een contactassay, met LC50 van 0,56, 0,38 en 0,26% na 24 

uur voor respectievelijk geraniol, eugenol en carvacrol. Daarentegen vertoonde 1,8-cineol 

echter geen activiteit bij de geteste concentraties in de contact-bioassay. In een fumigatie-

bioassay doodde carvacrol alle mijten binnen 50 minuten na de behandeling, terwijl geraniol, 

eugenol en 1,8-cineol 90 tot 150 minuten nodig hadden. Na een incubatieperiode van 72 uur in 

een residuele acitiviteit-bioassay doodde carvacrol alle mijten na 4 uur blootstelling aan LC90, 

terwijl geraniol en eugenol alle mijten pas na 8 uur blootstelling doodden. Op basis van deze 

in vitro resultaten werd carvacrol beschouwd als de meest potente stof tegen P. ovis mijten. 

Daarom werd carvacrol verder in vivo beoordeeld. Twaalf BWB-runderen werden kunstmatig 

geïnfesteerd en éénmaal per week topicaal behandeld gedurende drie opeenvolgende weken 

met 2% carvacrol in Tween-80 (behandelingsgroep) of met Tween-80 alleen (controlegroep). 

De werkzaamheid van carvacrol werd bepaald door de afname van de lesiegrootte en het aantal 

mijten. Het aantal mijten in de behandelde groep was 6 weken na de behandeling met 98,5 ± 

2,4% verminderd, terwijl in de controlegroep de mijtenpopulatie was toegenomen. Hoewel het 

oppervlak van de huidlesies in de behandelde groep niet afnam na de behandeling, veranderde 

het uiterlijk van de lesies van actieve naar genezende lesies vanaf één week na behandeling. 

Naarmate het experiment vorderde, bleken de behandelde kalveren minder last te hebben van 

pruritus en zelftrauma dan de controlegroep. Topicale toepassing van carvacrol veroorzaakte 

slechts tot 20 minuten na de behandeling milde en voorbijgaande erytheem. Er werden geen 

andere bijwerkingen waargenomen. Gezien de sterke acaricide werking van carvacrol in vitro 

en in vivo en de milde en voorbijgaande lokale bijwerkingen, vertoont carvacrol potentieel als 

acaricide middel bij de behandeling van P. ovis schurft bij runderen. 

In Hoofdstuk 4 werden de dermale immuunresponsen tegen P. ovis onderzocht bij runderen. 

Om de factoren te bepalen die verantwoordelijk zijn voor de verschillende gevoeligheid tussen 

verschillende rassen, werd de immuunrespons tegen P. ovis bestudeerd bij experimenteel 

geïnfesteerde BWB- en HF-runderen, aan de hand van de klinische symptomen, histologie, 

immunohistochemische profilering en genexpressie-analyse van huidbiopten. De proefdieren 

werden besmet met 400 ~ 500 mijten (nymfen en adulten) geïsoleerd uit natuurlijk besmet 

BWB-runderen. Het oppervlak van de huidletsels nam bij beide rassen significant toe vanaf 4 

weken na besmetting (wpi). Het aantal mijten en de omvang van de huidlesies van BWB-

runderen waren gedurende de hele onderzoeksperiode groter dan bij HF-runderen. Significante 

influx van eosinofielen in de epidermis/ oppervlakkige dermis en de diepe dermis werd 
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gedetecteerd in vergelijking met de pre-infestatie-monsters in beide rassen, met significant 

grotere aantallen eosinofielen in BWB op 6 wpi. Mastcel-aantallen bleken ongewijzigd te zijn 

in alle stadia van besmetting bij HF-runderen, maar waren significant verhoogd in vergelijking 

met pre-infestatie bij BWB-runderen op 2 en 6 wpi. Er werden echter meer T-lymfocyten geteld 

in de epidermis/ oppervlakkige dermis en de diepe dermis bij HF-runderen dan bij BWB-

runderen vóór besmetting en op 5 wpi. De meer uitgesproken cutane eosinofilie en hogere IL-

4-niveaus op 6 wpi bij BWB-runderen suggereren dat een Th2-type immuunrespons aan de 

basis ligt van de hogere gevoeligheid van het BWB-ras. Om de hypothese te testen dat de 

immuunrespons van de gastheer verantwoordelijk is voor de lesie-ontwikkeling bij Psoroptes 

schurft, werd het effect van een ontstekingsremmende behandeling met dexamethason op de 

ontwikkeling van Psoroptes schurft onderzocht bij natuurlijk geïnfesteerde BWB-runderen. De 

ontwikkeling van schurftlesies en het aantal eosinofielen en CD3 + T-cellen waren significant 

onderdrukt na ontstekingsremmende behandeling met dexamethason. Samen suggereren deze 

resultaten dat een Th2-type immuunrespons tegen P. ovis de huidlesies veroorzaakt bij 

Psoroptes schurft bij BWB-runderen en dat lokale ontstekingsremmende behandeling mogelijk 

een alternatief zou kunnen zijn om P. ovis-besmetting onder controle te houden. 

In Hoofdstuk 5 werd het vroege stadium van dermale immuunresponsen tegen P. ovis 

bestudeerd bij kunstmatig geïnfesteerde BWB- en HF-runderen, met behulp van 

histopathologische en immunologische analyses van huidbiopsieën. Significante instroom van 

eosinofielen, T-cellen en B-cellen in de epidermis en dermis werd alleen bij BWB-runderen in 

vergelijking met de pre-infestatie monsters gedetecteerd. Het aantal mastcellen bleef stabiel 

tijdens de besmetting in beide runderrassen, maar was significant hoger in BWB dan in HF-

runderen in de diepe dermis. Ondanks de duidelijke instroom van eosinofielen, was de 

transcriptie van de eotaxines CCL-24 en CCL-26 significant neerwaarts gereguleerd in beide 

rassen, en de transcriptie van CCL-5 en CCL-11 bleef ongewijzigd. Hoewel de Th2-type 

cytokinen niet significant werden opgereguleerd, kan de hogere instroom van eosinofielen ten 

grondslag liggen aan de hogere gevoeligheid van het BWB-ras voor P. ovis. 

In Hoofdstuk 6 werd een algemene discussie geformuleerd over de onderzoeksgegevens die 

in dit proefschrift zijn gegenereerd, waarna de inzichten in mogelijke alternatieven voor het 

bestrijden van P. ovis en verschillende mogelijke factoren voor de hoge gevoeligheid van 

BWB-runderen voor Psoroptes schurft werden samengevat. De belangrijkste conclusies die in 

dit proefschrift worden getrokken zijn: (1) de acaricide werking van plantaardige etherische 

olieverbindingen in vitro en in vivo en de milde bijwerkingen suggereren dat carvacrol een 



Samenvatting    

 

 

144 

potentieel acaricide middel is voor de behandeling van P. ovis; (2) de inflammatoire 

immuunreactie in de huid is gerelateerd aan de ontwikkeling van schurftlesies bij runderen. 

Immunotherapie zou daarom een alternatieve methode kunnen zijn om P. ovis-besmetting te 

bestrijden; (3) Rasverschillen in gevoeligheid voor P. ovis-besmetting tussen BWB- en HF-

runderen werden bevestigd. Hoewel de experimentele infestatie-studies het verschil tussen de 

twee runderrassen niet volledig aan het licht brachten, lijkt een verhoogde instroom van 

eosinofielen verband te houden met de hogere gevoeligheid van BWB. Daarom moet fokken 

op genetische resistentie verder worden onderzocht, evenals andere controlemethoden, zoals 

vaccinatie of bedrijfsbeheer. Meerdere controlemethoden kunnen gecombineerd worden om 

tot een optimale bestrijding van Psoroptes schurft te komen. 
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