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ABSTRACT 

Scabies has afflicted man for hundreds of years and still affects an estimated 300 million 
people worldwide at any one time. The inability to culture mites in vitro and the lack of 
natural resources is a major obstacle in the identification and characterisation of scabies-
specific antigens. Consequently, the nature of immune responses to scabies infestations 
remains unclear. Only a handful of treatments remain in use today; most provide only short-
term control in endemic areas. The emergence of acaricide resistance to current scabicides 
suggests the need for alternative treatments in the future. 

The work presented in this Thesis describes the construction of the first amplified S. scabiei 
var. hominis cDNA expression library consisting of approximately 200 000 clones. 
Immunoscreening experiments using antisera from hyperinfested rabbits led to the 
identification and characterisation of the first two S. scabiei antigens, Ssag 1 and Ssag 2. 
Studies performed on these antigens formed the basis of protocols to be executed with other 
scabies antigens, such as immunisation challenge trials using Prof. Larry Arlian's rabbit 
model to test for the potential of these antigens as vaccine candidates. 

Ssag 1 was shown to be the S. scabiei homologue of the house dust mite allergen M-177, a 
haemolymph apolipophorin associated with lipid transport. Messenger RNA derived from 
the above experiments was utilised to construct a XZAP cDNA library to initiate the Scabies 

Gene Discovery Project. High throughput sequencing of clones generated from this library 
has identified an abundance of interesting molecules, among which are S. scabiei 
homologues of major house dust mite allergens. 

The success achieved in protecting hosts against a number of ectoparasites by vaccinations 
with concealed antigens highlights the possibility of a vaccine against scabies. S. scabiei 
homologues of the various house dust mite gut allergens and other concealed antigens will 
be targeted during analysis of sequences from the Gene Discovery Project, as potential 
vaccine candidates. Sequence data generated will be screened to identify other interesting 
molecules for studies directed at the molecular evolution of the mite, drug resistance and 
immunotherapy. 
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Chapter 1 

Chapter 1 
Literature Review 

1.1 HISTORY 

Scabies is a contagious disease of the skin in humans and other mammals caused by the 

burrowing of the ectoparasite Sarcoptes scabiei into the lower stratum corneum of the 

skin. The disease has been recognised since very ancient times, as early as c.1000 B.C. 

and reference to it can be found in the Old Testament of the Bible, and the work of 

Shakespeare [cited in Alexander, 1984; O'Kane, 1994). According to Montesu and 

Cottoni (1991), scabies has been described in manuscripts of various scholars including 

Aristotle and Cicero (4th  century B.C.) who described it as "lice in the flesh". 

The first written reference to Acarus scab iei was in a work by Saint Hildegarde entitled 

"Physika" in the 121l  century (Friedman, 1937; Ramos-e-Silva, 1999). In Europe at this 

time, the spread of the disease meant that it adopted a variety of names in the different 

European countries and in 1623 was defined as "a tiny mite generating in the scab-ridden 

skin, the gnawing of which produces acute itching" under the name "pellicello" in an 

Italian dictionary (Montesu & Cottoni, 1991). 

Until the early 17th  century, scabies was thought to be of humoral origin, resulting from 

an internal illness rather than the presence of acari on the skin, and that mites originated 

spontaneously from the "corruption of flesh and blood" (Montesu & Cottoni, 1991). 

However, on July 18, 1687, after two years of intensive study into the morphology and 

physiology of scabies, Giovan Cosimo Bonomo and Diacinto Cestoni described the 

parasitic nature of scabies in a letter to Francesco Redi (Lane, 1928). Bonomo and 

Cestoni's theory was largely ignored and eventually forgotten until 1834 when Francois 

Simon Renucci confirmed that the mite was the cause of scabies, but it was only 
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universally accepted in the late 19th  century, almost two hundred years later, when Hebra 

published a treatise (1868) on the disease (Burgess, 1994). 

In 1778, de Geer gave the first accurate description of the parasite, hence the mite was 

often referred to as Sarcoptes scabiei de Geer (Buxton, 1941; Mellanby, 1942a). 

Scabies is believed to have been the first disease of man with a known cause (O'Donnell et 
al., 1958; Orkin, 1975; Green, 1989) with the work by Bonomo and Cestoni marking 

the first mention of the parasitic theory of infectious diseases and the beginning of a new 

era in medicine. 

The earliest record of scabies in Australia is reported in a publication by Basedow (1932) 

who cites that in 1 815 Kittle described a condition in the natives of New South Wales 

resembling the "itch" which they called "djee-ball" and suggests that this condition was 

introduced to Australia during the European settlement and was not present among 

Aboriginal Australians living in "tribes ... beyond the reach of civilisation". West Ford 

(1868) believed that the infection was introduced to the country by the first shipment of 

Chinese following the 1854 gold discoveries in Victoria. There have since been 

numerous references to the disease in Australian literature. Between 1903 and 1927,   

scabies was consistently ranked as the third most common skin disease in Australia. 

After this period, its incidence declined until World War II when a threefold increase was 

observed. Between 1952 and 1970 the rates once again fell (Summons, 1955). Scabies 

has also been accounted for in neighbouring countries such as Papua New Guinea where it 

was known to the natives as "kas-kas" (Backhouse, 1929), and in New Zealand where it 

is believed to have occurred among the Maori before the arrival of Europeans and was 

known as "waiakiaki" or "hakihaki". Kettle (1991) cites that the earliest record of 

scabies in the Northern Territory was made in 1944 when Lieutenant Colonel Kirkland 

diagnosed 6 cases of the disease. Scabies has since become endemic in many Aboriginal 

communities with point prevalences of up to 65% in children (Connors, 1994; Fraser, 
1994). 
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1.2 BIOLOGY 

1.2.1 Taxonomy 

S. scabiei is known to infest many different mammalian hosts. Elgart (1990) cites 40 
hosts belonging to 17 families. These include dogs, cats, pigs, horses, sheep, foxes, 
cattle, monkeys, rabbits, rodents, camels, koalas and wombats (Buxton, 1941; Lee, 1975; 
Fain, 1978; Alexander, 1984; Kettle, 1984; Arlian, 1989; Green, 1989; Skerratt & 
Beveridge, 1999). In animals, the disease is known as sarcoptic mange (Carizaves & 
Harman, 1992). Buxton (1941) reported that no species of Sarcoptes occurs on birds. 

Morphologically, mites from various hosts appear to be similar, although cross-
infestation studies demonstrate that they are physiologically and perhaps 
immunologically different (Elgart, 1990). They have been observed to be largely host 
specific (Smith & Claypoole, 1967; Arlian et al., I984b; Arlian et al., 1988b). 
Molecular studies by Walton and colleagues (Walton, 1999; Walton et al., 1999) describe 
genetic differences (section 1.6.3). 

Fain (1978) conducted a study of mites from a wide variety of hosts to define the 
number of species or subspecies of Sarcoptes scabiei. Most strains differed in the 
presentation of dorsal and ventrolateral spines and in size. This work led to the 
conclusion that there are no taxonornically significant differences between the strains of 
Sarcoptes from the different hosts and that there is only one Sarcoptes scabiei species 
which infests a variety of hosts. More recently, sequence analysis of the second internal 
transcribed spacer (ITS2) of the ribosomal RNA complex by Zahier et al. (1999) 
suggested that sarcoptes mites from various hosts belong to a single heterogeneous 
species. 

To distinguish between the varieties of mites found on the different hosts, they have 
been named according to their host species. For example, Sarcoptes scabiei var. honiinis 
(human), Sarcoptes scabiei var. canis (dog), Sarcoples scabiei var. suis (pig), and so on. 

The scabies mite is a member of the class Arachnida, subclass Acarina, order Astigmata, 
genus Sarcoptes and species scabiei (Fain, 1968). 
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1.2.2 Morphology 

The scabies mite has been described in detail by several authors. In general, it has an 

ovoid body which is dorsally convex and ventrally flattened. It is of a creamy white 

colour, transparent, with brown legs and mouthparts. The surface of the idiosoma (the 

main part of the body) is covered with striations and the dorsal surface has a large 

number of setae and spines (Figure 1. 1). In the male, dorsal striation is less well-

developed and there are fewer spines as is common for all immature forms. 

The female mite is the largest, measuring 300-500.tm long by 230-4201.tm wide. The 

male is somewhat smaller at 213-285pm long by 162-210jim wide [Arlian, 1989 43]. 

There are four pairs of legs, two (legs I and II) located anteriorly, adjacent to the 

gnathosoma (the structure resembling the head which bears the mouthparts) and bearing 

empodial (spur-like) claws or stalked pulvilli (suckers) which function in attaching the 

mites to surfaces and enabling them to move. In the female, legs III and IV originate on 

the ventral surface and end in long setae with no stalked pulvilli. Leg III carries a long 

seta in the male while leg IV ends in a stalked pulvilli. At the base of the legs are 

scierotised, exoskeletal structures called epimeres. 

On both males and females, the anus is terminal. The oviporus (opening through which 

the eggs are laid) in the female consists of a transverse slit in the middle of the ventral 

surface, its copulatory bursa is on the dorsal side, anterior to the anus. In the male the 

genital apparatus is located between the anus and fused epimeres of legs III and IV. 

Figure 1.2 illustrates differences in the male and female mites from a ventral view. The 

nymphs are similar in morphology to the adult female but smaller in size and do not 

have an oviporus. The larva is similar to the nymph, but possess only a single pair of 

posterior legs (215j.tm long X 156im wide). The egg is about two thirds the size of the 

female, oval, a white colour and almost transparent. Nymphs are not common and have 

been found mostly in crusted scabies (Alexander, 1984). 

Mellanby (1977) described the adult female as having no distinct head. Instead, what 

most describe as the head is in fact just the protrusion of the mouthparts beyond the 

body's anterior edge. 
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Figure 1.1 Divisions of a mite's body 
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A. Female adult sarcoptes mite 
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Figure 1.2 Ventral views of S. scabiei var. hominis mites. 
Ventral aspects of the adult female (A) and adult male (B) 
S. scabei var. hominis mites. (Fain, 1968) 
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1.2.3 Life Cycle 

Mellanby et al. (1942b) and Heilesen (1946) provided one of the earliest descriptions of 

the life cycle of the parasite on humans in the 1940s. Others have also pursued this 

work and most of the information published has been anecdotal and in some cases 

contradictory (Munro, 1919; Friedman, 1937; Van Neste & Lachapelle, 1981). It has 

been difficult to establish with certainty and in detail the passage of the mite through the 

various life stages due to the discomfort of patients and the need to treat them. In 1988, 

Arlian successfully studied the life cycle of S. scabiei var. canis in vivo, on a New 
Zealand white rabbit host. 

The stages in the development of the mite consist of egg, larva, protonymph, 

tritonymph and adult (Figure 1.3). Both males and females emerge from three 

developmental instars. Earlier findings report that there is only one nymphal stage in 

males and two in females (Van Neste & Lachapelle, 1981). This could have resulted 

from difficulties in distinguishing between the male tritonymph and protonymph as they 

differ only slightly in size. 

S. scabiei var. canis eggs hatch after 50-53 hours of incubation, giving rise to larvae. 

The active larvae find their way to the surface of the skin to seek food and shelter in 

hair follicles. They remain in this developmental stage for 3.2-4.2 days (Kettle, 1984). 

After this time the larva moults into a protonymph. Depending on whether the mite is 

male or female, duration in this life stage is for 2.3-3.3 or 2.4-3.4 days, respectively. 

The tritonymphal stage lasts for 2.2-3.2 days for female mites, and 2.4-3.4 days for 

male mites. The total time required for development from egg to adults takes 10-13 

days (Arlian & Vyszenski-Moher, 1988). 

Mites move as rapidly as 2.5 centimetres per minute along the skin (Mellanby, 1977). 

The ovigerous (fertilised) adult female mite digs into the horny layer to form a 

permanent burrow and continues through to the stratum corneum at the base of the 

epidermis. In contrast to this, Van Neste and Lachapelle (1981) demonstrated that 

mites continued to burrow through the stratum corneum, sometimes into the dermo-

epidermal junction. Once inside the burrow, the female mite never leaves it, she 

continues to extend it at a rate of 0.5mm - 5.0mm a day. To form the burrow, the mite 

chews skin from the host and pushes her way under it, at the same time enlarging the 

passage by scraping the skin with the spines on her anterior pairs of legs. She uses her 

posterior pairs of legs to lever her body up against the roof of the burrow, enabling the 

dorsal spines to make contact with the roof and prevent her from sliding backwards 
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(Burgess, 1994). Arlian and colleagues (1984a; 1988b) cite that mites do not dig or tear 

their way into the skin. Instead, they secrete a solution which dissolves the host skin to 

form a minute depression, the entry to a burrow. The burrow is formed by further 

digestion of tissue and forward movement through it. Fimiani and others (1997) 

confirmed that mites secrete a proteolytic substance, probably saliva, to lyse 

keratinocytes and hence facilitate burrowing. Burrows may be several millimeters to 

several centimetres in length (Green, 1989). 

The female lays her first egg only hours after starting her burrow. Penetration of the 

host skin by any life stage requires less than 30 minutes (Arlian et al., 1994b). As 

mentioned earlier, she spends the remainder of her life (4-6 weeks) within the burrow, 

laying 2-3 eggs daily. The eggs adhere to the burrow floor via amorphous material 

secreted from glue glands near the oviduct (Shelley & Shelley, 1983; Head et al., 1990). 
According to Fimiani et al. (1997), the same proteolytic substance used to facilitate 

burrowing is secreted by mites to assist in adhesion of the egg to the burrow floor. 

1.3 PARASITOLOGY 

In the early 1940s, Mellanby and his colleagues conducted what were to be the most 

thorough investigations on the parasitology of S. scabiei in humans to date. In separate 

studies on 886 men, 119 women and 18 children, adult female mites were meticulously 

hand picked and counted in order to determine the average parasite rate in the different 

groups (Johnson & Mellanby, 1942; Bartley & Mellanby, 1944). In men, the average 

number of mites was 11, whilst in women it was 12-13 and in children 19-20. 

The distribution of mites over the body was consistent in all groups with the greater 

percentage (almost two-thirds) of these being found on the hands and wrists. In children, 

the feet and ankles were also noted to harbour a relatively large number of mites, 

compared to those observed in men and in women, although the figure is still 

significantly lower than that for the hands and wrists. Similar studies by Heilesen in 

1946 resulted in the same conclusions (Alexander, 1984). 
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In a later study involving 55 human volunteers with no previous history of scabies, 

Mellanby (1944) was able to follow the progress of the disease by infecting these subjects 

with newly-fertilised adult female mites and examining them periodically, taking notes 

on their parasite rates, over a period of at least 200 days. Itching was felt only one 

month after the initial infestation and other symptoms typical of clinical scabies 

developed between 6-10 weeks. Parasite burdens peaked around 3-4 months, followed by 

a rapid decline in mite numbers. On reinfection of the same individuals at a later date, 

itching was found to occur almost immediately, indicating a shorter incubation period. It 

was also more difficult to infect a person a second time and mite numbers remained lower 

than on primary infestations with an estimated parasite rate of only 3. In some cases a 

secondary infestation would not occur. This is believed to be due to sensitisation of 

individuals to Sarcoptes which leads to scratching and hence mechanical removal of the 

mite (Mellanby, 1977; Green, 1989), however cellular and humoral immunity may well 

also be involved and are discussed in section 1.4. 

There is an inverse correlation between the number of lesions and parasite rate. Patients 

with very few lesions often had many mites and vice versa (Johnson & Mellanby, 1942; 

Alexander, 1984; Burgess, 1994). This is likely to reflect aspects of the immune 

response. 

1.4 IMMUNOPATHOLOGY AND IMMUNOLOGY 

Since Mellanby's studies in the 1940s there have been increasing reports of susceptibility 

of immunocompromised patients to scabies infestation. This suggests a relationship 

between scabies infestation and the host immune response. The inability to culture 

scabies mites in vitro and limited access to a continuous source of large numbers of mites 

has delayed progress in the understanding of immune responses to the infestations and 

the characterisation of scabies antigens. 

Mellanby conducted a study on the development of symptoms and immunity in human 

subjects infested with S. scabiei. The delayed response in primary infestations, lower 

parasite rates and rapid recurrence of symptoms upon reinfestation, and spontaneous 

clearing of mites in long-standing infections (100 to 265 days duration), are all 

indicative of the activation of the host immune system by a scabies-related antigenic 

stimulus (Mellanby, 1944; Hoefling & Schroeter, 1980). 

It is interesting to note that in the Middle Ages, fluctuations in the occurrence of scabies 

epidemics were observed. However the lack of effective treatments in those days 
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suggests that the decrease in incidence between epidemics may have been the result of 

immunity developed by the population (Mellanby, 1944). 

The four basic types of lesions identified on an infested host are burrows, papules, 

ulcerated papules and nodules (Dahl, 1985). The exact causes of scabietic papules and 

nodules are still unknown. Allergic sensitivity to the mite and its products, the cell-

mediated and humoral immune responses are all believed to play an important role in the 

development of these lesions, however it is not known to what extent each of these 

factors contributes to the formation of lesions (Falk & Eide, 1981). 

The papule is most likely the result of a delayed-type hypersensitivity reaction as 

suggested by histology results which closely resemble other delayed hypersensitivity 

reactions. The ulcerated papule occurs from scratching and excoriating these papules 

(Ackerman, 1985; Dab!, 1985). Scabietic nodules are thought to form from antigens of 

mite parts which cannot be degraded, although mite faeces and their eggs are rarely found 

in these lesions (Fernandez & Ackerman, 1977; Falk & Eide, 1981; Dab!, 1985; Liu et 

al., 1992; Cabrera et al., 1993). 

Both cell-mediated (Thi) and circulating antibody (Th2) immune responses are induced 

in scabies infestations by mite antigens which enter the epidermis and dermis of the host 

skin (Nassef et al., 1991; Arlian et al., 1996b). However their mechanisms remain 

poorly understood. Findings from studies investigating the roles of Thi and Th2 

immune responses in the pathogenesis of scabies are summarised in sections 1 .4.2 and 

1.4.3. 

The development of protective immunity following primary infestations has been 

reported in human, rabbit and dog hosts, evidenced by a significant reduction of mite 

burden, spontaneous waning of infection which may lead to self-cure, and the difficulty 

in experimentally infesting a host following a primary infestation (Mellanby, 1944; 

Arlian et al., 1994a; Arlian et al., 1994b; Arlian et al., 1996b). 

1.4.1 Histopathology 

When the scabies mite burrows into the host epidermis a series of pathologic changes 

follows, not only in the epidermis but throughout the dermis and sometimes even in the 

subcutaneous fat (Ackerman, 1985). The most favourable conditions for burrowing by 

the Sarcoptes mite are unharmed and uninflamed skin. Mellanby and colleagues observed 

that living mites never reside in skin where sepsis has developed (Johnson & Mellanby, 
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1942; Mellanby, 1944; Mellanby, 1977) and secondary infection, when it occurred, 

reduced the number of mites. 

The itch which is characteristic of the disease, is a result of sensitisation to the Sarcoptes 

mite, its larvae, eggs and waste products, rather than the burrowing action of the mite 

(Dahl, 1985). Mellanby (1944) showed that in human volunteers infested with a known 

number of mites in controlled burrows, a generalised itch developed which paralleled the 

reaction in individuals with a larger distribution of parasites. Two forms of skin eruption 

commonly occur on infested individuals. The first of these is a localised burning itch 

often associated with burrows and the second is a generalised itchy papular eruption 

associated with the development of sensitisation (Alexander, 1984; Burgess, 1994). The 

degree of sensitisation varies between infested individuals and does not require the 

continued presence of the mite. Killing or removal of parasites does not result in an 

immediate cessation of symptoms. In some individuals, relief from itching may take up 

to several weeks even after successful treatment (Mellanby, 1944). 

By inhabiting a very superficial position in the skin, it is believed that the scabies mite is 

protected from the local immune response of the host and hence its termination. There 

is no evidence to support the direct destruction of the scabies mite by the immune 

system, for example by cytotoxicity (Dahl, 1985; Head et al., 1990). In general, 

histopathological changes can be divided into two sections, epidermal changes and dermal 

changes. 

Epiderinal changes are usually characterised by an acute eczematous type of tissue 

reaction with primary lesions displaying hyperkeratosis, acanthosis and spongiotic 

edema. Migration of neutrophils and eosinophils to the spongiotic areas often results in 

the formation of superficial intraepidermal microabcesses (Hejazi & Mehregan, 1975). 

The burrows, mites, eggs and faeces are commonly found within the stratum corneum of 

the epidermis. There is no evidence of pyoderma or the presence of bacterial colonies in 

the early lesions (Hejazi & Mehregan, 1975; Parlette, 1975; Falk & Eide, 1981). 

Examination of serial sections from tissues surrounding burrows suggest occasional 

flooding of the burrows with edema. When this happens, the mite escapes by leaving the 

burrow (Mellanby, 1944; Mellanby, 1977; Dahl, 1985). Mostly however, an 

inflammatory response takes place not at the site occupied by the mite, but a few 

millimeters behind this, where the mite resided some 24 hours previously. Thickening of 

the epidermis occurs as a result of increased keratinocyte numbers brought about by basal 

cell proliferation (Van Neste & Lachapelle, 1981). 

12 



Chapter 1 

Upon closer examination of the burrows, there is evidence of cellular alterations to 

accommodate invasion by the mite. Lytic secretions in the mite saliva are thought to be 

responsible for these changes, although these substances have not yet been identified 

(Van Neste & Lachapelle, 1981). Electron microscopy studies by Fimiani and colleagues 

(1997) support this theory through findings of keratinous material in the digestive 

apparatus of mites, they propose that scabies mites feed on keratinocytes and use 

salivary secretions to facilitate burrowing and feeding. Cytolysis occurs in the epidermis 

just 30-80im in front of the mite and cells on the floor of the burrow are lysed to form 

an amorphous gel. It is proposed that this necrotic material provides the female mite 

with the nutrients it requires for survival, allowing it to proceed with burrowing as it 

ingests the cellular debris without the need to venture out of the burrow until the end of 

its life. Cellular damage is more pronounced around the mite body and just in front of it 

(Van Neste & Lachapelle, 1981; Fimiani et al., 1997). 

Derinal changes have been observed in the superficial papillary layer through to the 

deeper level of the junction between the dermis and subcutaneous fat (Hejazi & 

Mehregan, 1975; Yassien et al., 1996). The perivascular infiltrate consisting of 

lymphocytes, eosinophils and histiocytes varied in intensity between specimens, a 

common observation in the different variants of human scabies (Falk & Matre, 1982). 

Endothelial swelling of blood vessels and narrowing or partial occlusion of the lumina of 

vessels as a result of the deposition of fibrinoid material in the vessels were observed, as 

well as the breakdown of eosinophils (Hejazi & Mehregan, 1975; Parlette, 1975; Yassien 

et al., 1996). 

Falk and Matre (1982) observed that although the density of infiltrates was greater in 

lesions which appeared redder and where a severe eruption had occurred, the composition 

of infiltrates was similar in all cases. However the dominance of lymphocytes was less 

conspicuous in older lesions compared to younger ones. 
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1.4.2 T-cell Mediated Immunity 

The importance of cell-mediated immune reactions in the inflammatory response of 

scabies can be seen in the medical history of patients with crusted scabies. This variant is 

often associated with conditions such as HTV (Glover et al., 1987; Funkhouser et al., 

1993; Vaiks et al., 1996; Bitman & Rabinowitz, 1998), T-cell leukemia (Suzumiya et al., 
1985; Egawa et al., 1992; del Guidice, 1997; del Guidice & Sainte Marie, 1997), and 

congenital defects of cell-mediated immunity (Dick et al., 1979). 

As previously mentioned, scabietic papules are believed to be the result of a cell-mediated 

immune response (Falk & Eide, 1981). Evidence of this is seen in biopsies taken from 

infested hosts. The inflammatory cell infiltrate consists mainly of mononuclear cells, of 

which T-lymphocytes dominated in the deeper dermal infiltrates, decreasing 

progressively towards the superficial dermis (Reunala et al., 1984). Falk and Matre 

(1982) showed that the ratio of T-lymphocytes to B-lymphocytes in the skin was 

greater than that found in the peripheral blood, where the ratio is approximately 4:1. 

This suggests a selective infiltration of T-lymphocytes into the dermis. The authors 

conclude that the predominance of T-lymphocytes is specific and indicative of the 

importance of a cell-mediated immune response in the pathogenesis of scabies. Other 

cells present include neutrophils, plasma cells, eosinophils, macrophages and mast cells 

(Fernandez et al., 1977; Frentz et al., 1977; Ackerman, 1985; Head et al., 1990). 

Macrophages, though less abundant than T-lymphocytes, were also found in large 

numbers in infiltrates. In contrast to T-lymphocytes, they increased in number from the 

deeper dermis to the epidermis. Falk and Matre (1982) observed a greater number of 

macrophages than T-lymphocytes in older lesions of scabies patients. This is supported 

by the work of Konstantinov and Stanoeva (1973). Rather than acting as phagocytic 

cells, which is the primary role of macrophages in scabietic burrows, it is proposed that 

in lesions they function as immunomodulatory cells influencing T-lymphocytes (Van 

Neste, 1981). 

Based on several findings, namely the latent period observed in primary infestations, the 

abundance of T-lymphocytes in infiltrates, and histological results representing delayed-

type hypersensitivity reactions, Dahl (1985) proposed the following mechanism for a 

cell-mediated immune response: soluble antigens from mites and mite products diffuse 

through the skin to the dermis, initiating contact with Langerhans' cells or macrophages 

in the dermis which leads to the induction of effector T-lymphocytes. These cause 
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inflammation and the concomitant recruitment of more lymphocytes. Edema, 
erythema and the characteristic pruritus is the result of this process. 

Stemmer and colleagues (1996) experimentally infested dogs having a history of scabies 
with var. can is mites in order to characterise antigen presenting cells and T-cells in the 
inflammatory cell infiltrates of scabietic lesions. In the epidermis, CD1a Langerhans 
cell densities peaked during both primary and secondary infestations, indicating the 
active involvement of these cells in the host's immune response to scabies. In the 
dermis, the numbers of these cells peaked much earlier and their densities were much 
greater during secondary infestation compared with primary infestation. This reinforces 
previous findings that these cells are important in the host's immune response to scabies. 

A study by Cabrera et al. (1993) of T-cell subsets in the skin and blood vessels of seven 
scabies patients showed that the dominant T-cell subset in the epidermis and dermal 
lesions are the T-helper cells bearing CD4 (CD4+). These were four times more 
abundant than the cytotoxic T-cells (CD8+) which bear CD8. 

Arlian's work on animal models showed that a much stronger cell-mediated (Th 1) and 
weaker antibody (Th2) immune response was exhibited by dogs that had developed 
protective immunity (Arlian et al., 1994a; Arlian et al., 1994b; Arlian et al., 1995; 
Arlian et al., 1996b). Mononuclear cells, neutrophils, plasma cells and mast cells were 
present in the dermal cellular infiltrate during both sensitisation and challenge 
infestations. Mononuclear mast cells predominated during the first infestation while 
mononuclear cells and neutrophils were the most numerous in a secondary infestation. 

To investigate the validity of Falk and Matre's (1982) hypothesis that specific T-cells 
interact with scabies antigens, Cabrera et al. (1993) isolated T-cells from peripheral 
blood of scabies patients and exposed them to the mitogens phytohemagluttinin and 
concanavalin A to induce lymphoproliferation; a similar response was obtained to 
normal controls. On the other hand, exposure to house dust mite proteins stimulated 
lymphocyte proliferation in blood from patients with scabies but not in normal controls. 

Keratinocytes do not only act as a food source for the burrowing scabies mite (Fimiani et 
al., 1997), they are also important in the pathophysiology of the skin and its immune 
system. Keratinocytes secrete several immunomodulatory cytokines when stimulated 
physically or chemically; among these are the interleukins IL-la and IL-13, both of 
which are potent inducers of inflammation. They activate the maturation and 
proliferation of helper (CD4+) T-cells as well as inducing responses by Langerhans' cells, 
macrophages/monocytes, neutrophils, T- and B-cells, natural killer cells and 
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lymphokine-activated killer cells. In human skin equivalents, burrowing scabies mites 

and their products induce the secretion of IL-la and IL-113 within 16 hours of contact. 

Being among the first effector cells to encounter scabies mites and their products, they 

are the ideal candidates for the initiation of the inflammatory immune reaction to 

scabies (Arlian et al., 1996c). 

1.4.3 Antibody-mediated Immunity 

In clinical scabies, antibody production is slow and immediate-type hypersensitivity 

reactions are rarely observed (Mellanby, 1944; Cabrera et al., 1993). In addition to the 

deposition of immunoglobulins in the skin, several studies have revealed the presence of 

raised circulating immunoglobulin levels, particularly IgE, IgG and 1gM. The evaluation 

of the humoral response to scabies is less difficult than cell-mediated responses. Exact 

levels of immunoglobulin classes in scabies infestations varied between reports, mostly 

due to a lack of standardisation in sampling procedures (Arlian et al., 1994b). 

Nevertheless, general trends can be observed as discussed below. 

Falk and Bolle (1980b) reported that cutaneous injections with scabies mite extracts on 

previously exposed individuals gave a positive reaction of the immediate-type. This was 

only the case in individuals who had been infested with scabies less than a year 

previously. Individuals who had been infested more than a year before did not respond, 

nor did healthy controls. Prakken and van Vloten (1949) demonstrated immediate-type 

immunologic reactions to intradermal injections of crust and scale extracts from a 

patient with crusted scabies and showed circulating antibodies to scabies with a Prausnitz-

KUstner passive transfer test. During challenge infestations with scabies mites in dogs, 

circulating antibodies increased more rapidly than for sensitising infestations (Arlian et 

al., 1996b). 

Induction of antibody production occurs upon contact with the mite. The secretion of 

interleukin 4 (IL-4) by Th2 helper cells initiates the proliferation and differentiation of 

antigen-specific B cells into antibody- secreting plasma cells. Specific circulating IgE 

antibodies against the scabies antigens are generated which diffuse into the host tissue to 

bind to high affinity surface Fc receptors on mast cells. When a scabies antigen binds to 

the IgE molecules attached to the mast cells to form a complex, it initiates the release of 

powerful chemical mediators such as histamine into the dermis to induce vasodilation and 

leakage of plasma (Hoefling & Schroeter, 1980; Cabrera et al., 1993; Morgan et al., 

1997b). 
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There is increasing evidence to suggest that IgE is important in host defence against 
parasite infestations (reviewed by Rantanen et al., 1981; Cetre et al., 1999; Janeway et 
al., 1999). Type I/immediate-type hypersensitivity reactions are mediated by mast-cell 

activating IgE antibodies. Certain classes of infection, e.g. in Schisiosoma mansoni 
infections, are shown to be strongly associated with IgE antibody production and the 
presence of blood and tissue eosinophilia (Cetre et al., 1999; Nyindo et al., 1999; Souza-
Atta et al., 1999; Caldas et al., 2000). Mast cell activation also leads to the recruitment 
and activation of basophils and eosinophils, both of which express the Fc receptor on 

their surface and can therefore contribute to the IgE-mediated response. Eosinophils are 

believed to be responsible for helminth destruction. The role of IgE, mast cells, 
basophils and eosinophils can also be seen in resistance to the feeding of blood-sucking 

ixodid ticks (Allen & Humphreys, 1979; Allen, 1994). A correlation between IgE 

responses and protective immunity has been established in human schistosomiasis 
(Hagan, 1993; Nyindo et al., 1999). 

Further evidence supporting the assumption that scabies-specific IgE antibodies are 

produced during infestation is in the work of Falk (1984) who investigated IgE antibody 
levels in two children with scabies and giardiasis displaying high titers of IgE antibodies 

and eosinophils. When treatment was administered for the scabies infestation, IgE levels 
to scabies decreased but the giardia infection persisted. In addition to this, eosinophul 

counts dropped in patients cured of scabies. Contrary to this, elimination of the Giardia 
lamb!ia infection did not result in a reduction of either serum IgE or circulating 
eosinophils. 

While IgE levels have been observed by many researchers to increase significantly in 
human patients (Frentz et al., 1977; Falk, 1980; Falk & Bolle, 1980b; Falk & Eide, 
1981; Rantanen et al., 1981; Salo et al., 1981; Reunala et al., 1984; Dahl, 1985; Arlian, 
1988b; Morsy et al., 1993) as well as in dogs (Arlian & Morgan, 2000), others reported 
no statistical differences in the levels of IgE pretreatment compared to normal controls 
(Hancock & Ward, 1974; Nassefet al., 1991; Morgan et al., 1997b). This could be due 
to the lack of sensitivity of detection methods applied in these studies (Burgess, 1994). 
Following treatment of infested individuals, IgE titers returned to normal (Falk, 1981). 

Sera from crusted scabies cases may have extreme elevations of IgE levels (Salo et al., 
1981; Liu et al., 1992; O'Kane, 1994). 

Expression of eosinophilia in patients with scabies varied between studies. While 

Konstantinov and Stanoeva (1973) observed a constant dominance of eosinophils in 
cellular infiltrates of young papular lesions, Falk and Eide (1981) could not demonstrate 

a relationship between the number of circulating or tissue eosinophils and the duration of 
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scabies infestation in any of the sixty patients examined. Eosinophils were only found 
in lesions containing a mite. Not all patients with severe scabies displayed blood or tissue 
eosinophilia (Hejazi & Mehregan, 1975; Falk & Eide, 1981; Ackerman, 1985; Arlian et 
al., 1994b). Blood eosinophilia has been observed in crusted scabies infestations (Wells, 
1952; Glover et al., 1987; Carizaves & Harman, 1992). 

High levels of IgG and 1gM antibodies have been observed in sera from scabies patients 
(Hancock & Ward, 1974; Frentz et al., 1977; Falk, 1980; Hoefling & Schroeter, 1980; 
Salo et al., 1981; Nassefet al., 1991; Liu et al., 1992; Morsy et al., 1993). The sera 
titers of both isotypes were significantly higher during infection than six weeks after 
treatment and returned to normal once the subject was cured of the infestation (Falk, 
1980; Arlian et al., 1996b). It is not certain whether these observed changes in IgG and 
1gM titers represent a specific or non-specific immunological reaction against scabies 
antigens. It has been proposed that they are produced in response to cutaneous 
secondary bacterial infections commonly associated with scabies infestations (Hancock 
& Ward, 1974; Dahl, 1985). 

In the humoral immune response, binding of 1gM or IgG antibodies to a pathogen 
activates the complement cascade which augments the activity of these antibodies. 
Levels of the complement factors C3 and C4 in scabies infestations have been 
investigated by several authors who observed no change in their levels prior to, during or 
following cure of scabies infestations in humans, nor were any significant differences 
found between patient and control groups (Frentz et al., 1977; Falk, 1980; Hoefling & 
Schroeter, 1980; Falk & Eide, 1981; Salo et al., 1981; Dahl, 1985; Nassefet al., 1991; 
Liu et al., 1992). 

Serum IgA levels have been found to be significantly lower during scabies infestation than 
following successful treatment (Falk, 1980; Hoefling & Schroeter, 1980; Kleiner-
Baurngarten et al., 1986; Nassef et al., 1991; Morsy et al., 1993). IgA is believed to be 
involved in humoral immunity since it is the predominant antibody component in 
external secretions such as sweat, saliva and tears, as well as intestinal and respiratory 
secretions, after local stimulation (Hancock & Ward, 1974). The reasons for the 
decreased serum levels are unknown. It has been proposed that the infection causes a 
transfer of IgA from the serum to the scabietic skin lesions (Falk, 1980). Hancock and 
Ward (1974) on the other hand, suggested that the low serum IgA existed prior to the 
infection and predisposed individuals to scabies infestation. 

Rabbits heavily infested with var. canis mites developed resistance against reinfestations 
with the mites and exhibited significantly lower scabies- specific antibody titers during 
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challenge infestations. Nevertheless, the hurnoral immune response induced by S. scab iei 
antigens is not of a protective nature as reinfestations were not prevented or eliminated, 

suggesting an important role for cell-mediated responses in resistance to natural 
infestations (Arlian et al., 1994a). 

The only studies which have investigated the role of genetics in scabies infestations are 
those by Falk and Thorsby (1981) and Morsy et al. (1990). Both studies look into the 
association between scabies and the HLA antigens. The highly polymorphic 
histocompatibility antigens of the HLA-A, -B and -c series are thought to be present on 
all nucleated cells. An increased frequency of particular HLA alleles have been noted in 
patients with certain diseases (reviewed by Janeway et al., 1999). The distribution of 33 
HLA-A, -B and -C alleles in 66 scabies patients in Norway were investigated by Falk and 
Thorsby. Of these antigens, only HLA-A11  was present in significantly more patients 
(29.3%) than healthy controls (10.4%). A similar correlation was found with the same 
antigen in 62 scabietic patients by Morsy and colleagues in Egypt. The reasons for this 

association are not known, however these results suggest that individuals presenting with 
the HLA-A11  antigen are more susceptible to scabies infestations. No other known racial 
or geographical variations have been found to be correlated with a predisposition to 
scabies. 

The lack of scabies-specific antigens limits investigations on the nature of immune 
responses to scabies infestations. 

1.4.4 Immunologic Cross-Reactivity With House Dust Mites 

Several studies have been undertaken to investigate the immunologic relationship 
between the Sarcoptes scab iei and Dernzatophagoides mites. In addition to their close 
taxonomic relationship (Figure 1.4) and similar appearance (Figure 1 .5), these 

ectoparasites possess similar nutritional needs and reside in non-living host tissue. These 

observations perpetuated the expectation that both scabies mites and house dust mites 
would secrete common allergens (Falk & Bolle, 1980a; Falk et al., 1981; Morgan et al., 
1997b). Indeed, subsequent studies demonstrated this to be so. 

One of the earliest works to address this theory was by Falk and Bolle (1980a) who 

through radioallergosorbent tests on 135 scabies patients found that 35% gave a positive 
reaction to Dermatophagoides pteronyssinus i.e. exhibit circulating IgE antibodies to D. 
pteronyssinus, compared to only 2% of control subjects. They also observed that 
patients with skin sensitivity to D. pteronyssinus developed a more severe rash to scabies 
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than non-allergic persons. They attributed this to the high level of cross-reactivity 
between the two mites. The authors propose that a higher incidence of atopy among 
scabietic individuals suggests that persons susceptible to house dust mite sensitivity may 
be genetically predisposed to developing allergies and are thus more likely to develop 
scabies. 

In support of this, intracutaneous injections of scabies mite extract administered to 
individuals who demonstrated skin sensitivity to D. pteronyssinus but had no history of 
scabies gave a positive reaction to both extracts while healthy controls gave no positive 
response at all (Falk & Bolle, 1980b). Furthermore, subjects who presented positive 
results for intracutaneous tests with a scabies mite extract also gave a positive reaction 
with the D. pteronyssinus extract while individuals with a negative reaction to one 
extract also responded negatively to the other. 

Although most studies have been performed on D. pteronyssinus, the relationship 
between Sarcoptes scabiei and another house dust mite species Derinatophagoides 
farinae is also of interest, primarily because both D. pteronyssinus and D. farinae have 
been shown to cross-react and their primary allergens Derf I and Der p I demonstrate 
both cross-reacting and species-specific epitopes (Chapman & Platts-Mills, 1980; 
Chapman et al., 1987; Dilworth et al., 1991). The immunologic relationship between 
varieties of Sarcoptes scabiei from different hosts have also been investigated as 
although morphologically indistinguishable, the mites are highly host-specific. The 
results obtained indicate that the different varieties of scabies mites introduced both 
cross-reacting and unique antigens into the host (Arlian et aL, 1996a). 

Cross-reactivity between S. scabiei and D. farinae was established by the finding that 
rabbit anti-D. farinae serum bound to four human scabies antigens (Falk et al., 1981). 

Worldwide, Dermatophagoides allergens have been recognised as a major stimulus for 
human IgE production (Heymann et al., 1986). Evidence shows that patients who 
exhibit sensitivity to D. farinae and D. pteronyssinus but with no history of scabies, have 
IgE antibodies against antigens which are common to both scabies and house dust mites 
(Estes & Estes, 1993). 
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I I Mandibulats Chelllce4rata 

CLASS In*ecta Crustaceans f-Centipedes Aathnlda f-Horseshoe crabs LMilhpedes I '—Seaspiders 

SUBCLASS Ararea. Aarl Scorpplon.s 
(spiders) (mites and ticks) (scorprplons) 

I I I ORDER IxodIes Aallgmlt* Tarsonemlda. Procatigmata 
(ticks) Tarsonemus 

(bee parasite) 

LDodex 
brow mites)

yjeticiae* 
(predator mites) 

FAMILY 

storage miles I Pyraogtyttitia. 
I I Dennnatophagoldea$ Acarus Lopdoglyphus Etwoglhus Tyropliagus Glycophagus Hlstala Biornia? MalalayogIyphus 

Figure 1.4 Classification of the phylum arthropoda (Platts-mils, 1993) 
Illustration of the relationships between scabies mites and other 
mites, in particular house dust mites. 
*All mites found in house dust are collectively referred to as domestic 
mites 
The term "dust mites" is generally restricted to Dermatophagoides 

and Euroglyphus 
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B. Dermatophagoidesfarinae 

Figure 1.5 Scanning electron micrograph images of S. scabiei 
and D. farinae. 
SEM images of A) S. scabiei (Newton Graphic Science, 
Nov/Dec 2000) and B) the house dust mite D. farinae 
(Woolley, 1998) 
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Arlian and colleagues (1991) provided further proof of cross-reactivity between scabies 
and dust mites through crossed immunoelectrophoresis experiments. Multiple 
immunoprecipitates as well as protein bands on a Western Blot of scabies protein extract 
bound IgE in the sera of patients who were sensitive to house dust mites. This indicates 
that individuals atopic to house dust mites produce circulating antibodies which recognise 
antigens of S. scabiei. IgE binding to S. scabiei or D. pteronyssinus antigens was not 
observed in negative control sera taken from non-allergic individuals. The reciprocal is 
also true i.e. scabies patients exhibit antibodies built to S. scabiei but which also recognise 
D. pleronyssinus antigens. A similar cross-reactivity was shown to D. farinae using sera 
from rabbits heavily parasitised with var. canis mites (Arlian, 1988a). 

When rabbits were immunised with a mixture of D. farinae and D. pteronyssinus (50:50) 
extracts, 71% developed resistance to infestation by S. scabiei var. canis. This was 
characterised by significantly reduced parasite numbers upon subsequent inoculation with 
scabies mites (Arlian et al., 1995). The resistant hosts were found to produce antibodies 
to fewer scabies antigens and exhibited lowered levels of scabies-specific immunoglobulins 
compared to non-resistant hosts. Hence, sensitisation of hosts via D. farinae/D. 
pteronyssinus antigens could induce cross-protective immunity against scabies 
infestations. In rabbits experimentally infested with S. scabiei var. canis mites, 65% 
developed some kind of resistance. The circulating antibody titers in both resistant and 
non-resistant hosts during the challenge infestations remained high, more so in non-
resistant hosts, but did not provide adequate or complete protection against reinfestation 
(Arlian et al., 1994a). 

Lowered circulating antibody titers and stronger inflammatory cell-mediated responses in 
resistant hosts following immunisation with Dermatophagoides mites indicates that a 
stronger Th1 (cell—mediated) response predominates over Th2 (T-helper cell) response 
(Arlian et al., 1995; Prelaud & Guaguere, 1995). 

Finally, immunoadsorption experiments by Morgan and colleagues (1997a) demonstrated 
that another genus of HDM, Euroglyphus inaynei, shares cross-reactive epitopes with 
mites of the genus Dermatophago ides and also Blomia tropicalis, all of which are 
common inhabitants of tropical/subtropical areas around the world (Morgan et al., 
1996). In another study, cross-reactive epitopes were demonstrated for B. tropicalis, D. 
pteronyssinus and D. farinae (Arlian et al., 1993). Hence it is likely that sensitisation to 
any or all of these mites may contribute to immune responses in scabies. 
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1.5 CLINICAL ASPECTS 

1.5.1 Classical Scabies 

In classical scabies, lesions which are associated with the burrowed mite may be pruritic, 

erythematous, papular or vesicular (Arlian, 1989). In adults the pruritus affects the 

whole body with the exception of the head and the middle part of the back. Two types 

of skin eruptions are observed: i) papular and vesicular lesions directly related to the 

presence of acari occur in areas where burrows are present such as the interdigital webs, 

wrists, ankles and genitalia. A burning localised itch is usually associated with these sites; 

ii) a general pruritic rash not associated with the specific sites of mite activity (Burgess, 

1994). Lee (1975) believes the rash is due to sensitisation, scratching and the presence 

of immature acari burrowing temporarily into the skin. The rash has been described by 

some as "goose pimples" (Munro, 1919). 

Mellanby (1977) noted a great variation in the patients' reactions to the parasite. 

Itching varies from being mild to severe, and is most intense at night. Munro's 

experiments (1919) show that pruritus intensifies when the host is warm and resting, as 

this is when the mite is most active, whether it be during the day or night. In a study 

conducted by Nair and colleagues (1997), nocturnal itching was found to be experienced 

by only thirty percent of scabietic patients. In support of this, results of a study by 

Arlian and colleagues (1988a) of oxygen consumption by mites suggest that there is no 

change in mite activity at night which could contribute to pronounced itching. 

The time taken for symptoms to fully develop on primary infestation is reported to be 

between 4-8 weeks of infection. Mellanby (1944) associated this with the development 

of sensitisation of the host to mite antigens and secretions rather than the burrowing 

action of the mite (Green, 1989). On secondary infestation, the itch is felt within 24 

hours and is more intense. Constant and vigorous scratching can lead to a reduced mite 

burden (Mellanby, 1944; O'Kane, 1994). 
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1.5.2 Manifestations 

Orkin and Maibach (1985b) described scabies as a polymorphic disease. Unlike most 

dermatoses, it presents itself in several forms, making it difficult to diagnose. The 

following are manifestations of scabies based largely on reports by Elgart (1990) and 

Orkin and Maibach (1985b). 

Scabies in the clean is often misdiagnosed as burrows are few in number and lesions only 

slightly inflamed; it is therefore easily missed. 

Scabies incognito occurs when strong topical or systemic steroids are administered. The 

appearance and distribution of lesions are modified. 

Nodular scabies is a common form of the disease, occurring in about 7% of cases 

(Konstantinov & Stanoeva, 1973; Green, 1989). The pruritic nodules are firm, reddish-

brown and occur in areas which are mostly covered or where the skin is very thin, such as 

the genitalia or axillae. The nodules can measure up to 1cm in size and persist even after 

successful treatment of the disease (Orkin, 1971). No mites are found in these nodules 

and the disease may be overlooked or mistaken for lymphoma or histiocytosis X. 

Nodules occur more frequently in children and clinical diagnosis is facilitated by evidence 

of a recent history of typical scabies (Huffam et al., 1997a). 

Scabies in infants and children, as described earlier, involves atypical distribution of 

lesions over the body. The upper back, neck, face, scalp, palms and soles are often 

affected (Hurwitz, 1985). An explanation for this phenomena given by Gordon and 

Unsworth (1945), suggest that mites are more likely to burrow in skin which is soft and 

wrinkled or folded, which in infants occurs on the areas referred to above whereas in 

adults such areas would include the wrist, elbows and axillae. 

Scabies in the elderly often causes intense itching, however inflammation of lesions 

characteristically seen in younger adults may be absent. Itching is thought to be due to 

dry skin, anxiety or a reaction to other medication and scabies frequently remains 

unrecognised. 

Animal-transmitted scabies is usually self-limiting. Symptoms are recognised within 48 

hours of infection and burrows are absent. Removal of the animal host often leads to a 

spontaneous clearing of the infection in humans. 
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Scabies occurring with other sexually transmitted diseases such as syphilis, gonorrhea 

and genital herpes is not uncommon. This is consistent with transmission occurring via 

close human contact, as in overcrowding. 

Crusted scabies is a rare though severe form of scabies which occurs in 

immunocompromised individuals. Those infected may harbour hundreds of thousands of 

mites over the body. It is a highly contagious form of the disease, with such patients 

often being "core-transmitters" of scabies in communities and nursing homes. It is 

discussed in more detail in section 1.5.5. 

1.5.3 Diagnosis 

There are many problems associated with correctly diagnosing scabies. Many of the 

early authors have confused the sarcoptes mite with other acari or with lice (Lee, 1975; 

Ramos-e-Silva, 1998). 

Clinical signs of scabies, once visible, may mimic a variety of skin conditions. With the 

decline in epidemics, diagnosis and treatment of scabies becomes less efficient and there 

is a potential for wastage in time and resources due to unfamiliarity with the disease, and 

it is frequently overlooked. Inability to recognise the disease due to a low index of 

suspicion or unfamiliarity with the symptoms among younger doctors, in between 

epidemics, is believed to be a major factor responsible for the resurgence of the disease 

(Mellanby, 1942; Orkin, 1971). Eczema is a common misdiagnosis and scabies lesions 

are often taken for psoriasis, impetigo, urticaria, contact dermatitis, syphilis, Darier's 

disease (keratosis follicularis), lymphoma, or a response to other ectoparasites and 

insects e.g. lice and fleas (Fernandez et al., 1977; Bhawan et al., 1991; Falk & Eide, 

1981; Arlian et al., 1994a). Falk and Eide (1981) believe that to an experienced 

dermatologist, the symptoms, distribution and appearance of the rash in scabietic 

patients is distinctive enough to warrant correct diagnosis. However in our experience, 

even highly experienced medical personnel have failed to diagnose the condition because 

they did not suspect it to be scabies (Currie, unpublished observations). 

In classical scabies, trying to locate burrows may be somewhat of a challenge as these are 

produced only by the ovigerous females and are therefore generally few in number. 

Hence, the presence of other skin disorders such as excoriations, eczema or pyoderma 

may obscure their presentation. In addition to this, scabies may further complicate the 

diagnosis of other underlying dermatoses by stimulating clinical symptoms when it 

coexists with these other conditions (Haydon & Caplan, 1971). Examinations of a 
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number of infested individuals in the Northern Territory of Australia and in Panama 

have failed to identify any burrows (Svartman et al., 1972; Poon-king et al., 1973; 

Walton, 1999). 

Scabies is not legally notifiable in most countries, hence it is frequently missed until it is 

in an advanced form. A mistaken diagnosis results in poor and ineffective treatment of 

the condition and hence a delay in its control (Stokes, 1936). 

The extent of erroneous diagnoses of scabies was demonstrated in one study in which of 

1000 cases of men sent to a scabies clinic for treatment, some 280 did not actually have 

the disease (MacKenna, 1943). Undiagnosed cases of crusted scabies within Aboriginal 

communities in the Northern Territory of Australia are believed to be responsible for the 

spread of epidemics between these communities (Heard & Parry, 1993; Woltman, 1994). 

A lack of understanding of the disease on the part of the patient also plays a large role in 

the spread and increased incidence. In a study conducted by Nair and colleagues (1973), 

70% of infected individuals had no idea of the cause of the disease and how it was 

transmitted. Another 22% thought it was due to other vectors such as dirt and intestinal 

worms or even more unusual associations such as excessive consumption of sugars or 

wheat. 

Some think that the varied clinical and histologic characteristics of scabies places it in 

the same class as syphilis in assuming the title of "the great imitator" (Fernandez el al., 
1977; Burgess, 1999). 

The most reliable and widely used method of diagnosis to date is the examination of 

superficial skin scrapings under a microscope to identify the adult mite, eggs, larvae, 

nymphs or scybala (faecal pellets) (Dahi, 1983). A drop of mineral oil is placed on the 

skin in an area where burrows are present, or commonly infected sites such as the 

interdigital webs, wrists and elbows, and a sterile scalpel used to scrape the area. The 

scraped material and oil are transferred to a glass slide and observed under the microscope 

at low magnification. Scrapings from multiple sites should be obtained to confirm a 

diagnosis (Burns et al., 1979). Other methods have been documented. These include the 

use of KOH instead of mineral oil to dissolve accompanying skin, although this may also 

dissolve scybala and hence reduce the amount of material to be examined; epidermal 

shave biopsy; hand-picking mites out of burrows using a pin; burrow ink test; glue 

stripping and punch biopsy (Lee, 1975; Alexander, 1984; Orkin & Maibach, 1985b; 

Arlian, 1989; Elgart, 1990; Burgess, 1994; Liebowitz, 1994) 
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1.5.4 Secondary Infections 

Secondary bacterial infections which occur as a result of scabies infestations are common 
and can have serious consequences. Scabietic burrows and lesions provide a site of entry 
for microorganisms and scratching by infested individuals further increases the likelihood 
of bacterial infection (Glover et al., 1987; 1997; Bonomo et al., 1998; Figure 1.6). Both 

short term (cellulitis, septicaemia) and long term (rheumatic fever, acute 
glomerulonephritis) sequelae have been noted (Heard & Parry, 1993). 

Impetigo which is commonly associated with scabies is caused by streptococcal or 
staphylococcal infection. In warmer countries, Streptococcus pyogenes has been found 
to be the primary cause of pyoderma, with Staphylococcus aureus usually establishing 
itself in lesions only secondarily (Taplin et al., 1991; Burgess, 1994; Figueroa et al., 
1998). Staphylococcal infection may cause cellulitis or abscesses which give rise to 
lymphangitis whilst acute glomerulonephritis (AGN) is a sequelae of nephritogenic 
streptococcal infections of the skin (Alexander, 1984; Reid & Thorne, 1990). 

Poor sanitation conditions and low social status are thought to be associated with higher 
rates of secondary infections (Mellanby, 1977; Van Neste, 1986; Green, 1989). In some 
studies, secondary pyoderma has been found to occur more commonly in children (Lee, 
1975; Nair et al., 1997). MacCormac and Small (1917) found scabies to be the most 
common skin disease among soldiers in World War I (excluding pediculosis). Secondary 
infections are more frequent and severe under harsh war conditions. Those with 
streptococcal or staphylococcal infections usually developed some degree of adenitis. 
Mellanby (1944) observed that most of the individuals infected with sarcoptes in his 
study developed secondary sepsis to some extent. From the same study he concluded 
that bacterial infection contributed to lowered mite numbers and in some cases led to 
termination of the parasite infection. He noted that the scabies mites could not colonise 
septic areas as they are killed by pus and claimed that severe widespread impetigo 
sometimes resulted in a complete cure from scabies. 

In a survey of 150 patients in Ghana by Adjei and co-workers (1997), scabies lesions 
were reported to carry up to 105 species of bacteria (66 aerobes and 39 anaerobes). 
Among these are Clostridium, Bacteroides and Pseudomonas spp. Similar findings were 
reported by Brook (1995) who isolated a diverse group of microorganisms froin scabies 
lesions in various anatomical locations. Patients with crusted scabies have a high rate of 
S. aureus carriage (Mathisen, 1998). Scanning electron microscopy demonstrated 
extensive bacterial colonisation of scabies burrows in an elderly woman suffering from 
crusted scabies. Cultures of scybala grew hemolytic S. aureus (Shelley et al., 1988). 
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Fungal infections have also been diagnosed in patients with classical and crusted scabies 

(OKane, 1994; Figueroa et al., 1998). 

Epidemics of AGN have been linked to the increase in the incidence of scabies. In 

Trinidad in the 1970s, 13-hemolytic steptococci were isolated from scabietic lesions of 

members of a small village. An outbreak of scabies preceded and accompanied the 

increase in incidence of AGN. Mangy dogs in the area also carried nephritogenic strains 

of streptococci, suggesting that they acted as vectors in the spread of bacteria (Svartman 

et al., 1972; Poon-king et al., 1973). In Aboriginal Australians, rates of post- 

streptococcal disease are among the highest in the world. Pyoderma caused by secondary 

infection of scabies lesions with Group A Steptococcus (GAS) is very common. A 

community control program directed only at scabies, with no antibiotic intervention, 

reduced the prevalence of bacterial skin infections from 69% to approximately half that 

rate (Carapetis et al., 1997). 

Taplin and colleagues (1991) noted that only temporary relief is gained by treating the 

bacterial infection and not the underlying cause. Other authors agree that in order to 

prevent the sequelae of secondary infections it is necessary to treat the underlying 

scabies infestation (Svartman et al., 1972; O'Kane, 1994; Carapetis et al., 1997). 
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Figure 1.6 Secondary bacterial infection. 
Scabietic burrows and lesions provide a site of entry for 
microorganisms. (Photo by B. Currie) 
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1.5.5 Crusted (Norwegian) Scabies 

Norwegian scabies is an uncommon and distinctive variant of ordinary scabies which was 

first discovered in lepers in Norway by Danielssen and Boeck in 1848. In 1852, Hebra 

named the condition "Scabies Norvegica Boecki" in honour of its discoverers (O'Kane, 

1994). Alternative names such as "scabies crustosa", "scabies keratotica" and "scabies 

angria" (severe scabies) have been suggested as being more appropriate as the disease is 

not limited to Norway but occurs throughout the world (Zakon & McQuay, 1972; 

Alexander, 1984) . In May 1976, at the International Congress of Scabies and Other 

Infestations (Minneapolis) it was proposed that the term "crusted scabies" be used 

instead of Norwegian scabies when referring to the condition (Parish & Lomholt, 1976). 

Many thought that mites other than S. scab iei were responsible for the condition. A 

similar manifestation occurs in animals and it was once believed that crusted scabies in 

humans was of animal origin (Wells, 1952; Green, 1989; Figure 1.7). However in 1865, 

through examination of the numerous mites inhabiting a small piece of crust from an 

infected patient, BW Richardson concluded that crusted scabies was in fact caused by the 

same mite found in classical scabies (Parish & Lomholt, 1976; Green, 1989). 

Furthermore, since the majority of contacts of crusted scabies patients develop classical 

scabies, suggestions that the mites may be different is difficult to justif' (Carslaw et al., 

1975). In 1977, Ruiz-Maldonado and co-workers described a case of crusted scabies in a 

14 year old girl with Turner's syndrome who lived in a house co-inhabited by three dogs 

with severe scabies infestations. The mites from the girl successfully infested a healthy 

dog but could not propagate on rabbits or mice. This led the authors to conclude that the 

patient was infested with var. canis mites. In light of more recent cross- infe stivity 

studies by Arlian and colleagues, one would question the reliability of this conclusion 

(Arlian et al., 1984; Arlian, 1988b; section 1.6.3; Arlian et al., 1988b). 

The clinical picture of crusted scabies is different from that of ordinary scabies (Figure 

1). The condition is characterised by the development of hyperkeratotic plaques and 

crusts over extensive areas of the body, often involving the palms, soles, face, neck, 

scalp and nail plates (Dahl, 1983; Gogna et al., 1985; Kolar & Rapini, 1991; Burgess, 

1996). Pruritus may be conspicuously absent in at least 50% of cases, although in others 

it may be mildly irritating and sometimes quite pronounced (Ruiz-Maldonado et al., 
1977; Fain, 1978; Alexander, 1984; Glover et al., 1987; Wolf & Krakowski, 1987; 

Frost & Parker, 1988). Burrows are not always seen due to the thick crusts. Wells 

(1952) observed a patient in whom burrows, vesicles and pustules were completely 
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absent. Walshe (1967) reported that the disease requires almost a year to develop and 

may last for more than 21 years. 

In most cases, crusted scabies begins as ordinary scabies and later evolves into the crusted 

form due to predisposing factors which will be described below. It is highly contagious, 

even on casual contact, because of the vast number of mites present in and below skin 

crusts. Patients with crusted scabies may harbour hundreds of thousands of mites. 

Johnson and Mellanby (1942) estimated up to 2 million mites on an individual 

theoretically. When only the number of adult female mites were counted, one patient 

was found to harbour 511 of these. Closer examinations have estimated up to 4700 

mites per gram of skin (Currie et al., 1995). It was suggested that the huge mite burden 

and absence of pruritus in these patients were indications of acquired tolerance to the 

infestations (Dahl, 1983; Kettle, 1984). Although more commonly seen in the elderly, 

crusted scabies has been observed in children as young as four years (Paterson et al., 
1973). 

The correct diagnosis of crusted scabies is not always made due to its rarity and crusted 

scabies cases are commonly overlooked or may remain undetected for long periods of 

time. Bonomo and colleagues (1998) described a case of crusted scabies in a patient with 

trisorny 21 who presented with a longstanding history of diffuse, eczematous, 

hyperkeratotic skin lesions. Unfortunately, crusted scabies was only diagnosed in 

hindsight, after the patient died from associated sepsis. Crusted scabies is often mistaken 

for atypical psoriasis, seborrhaeic dermatitis or erythroderma (Gogna et al., 1985; 
Shelley et al., 1988; Gach & Heagerty, 2000). Psoriasis and dermatitis may occur 

concomitantly with crusted scabies (Moberg et al., 1984; OKane, 1994). In individuals 

who are HIV-positive, common misdiagnoses include drug eruption, Darier's disease, 

eczema or ichthyosis (Bitman & Rabinowitz, 1998; Gach & Heagerty, 2000). 

In many cases the disease has been transmitted before the correct diagnosis is made. 

Non-specific and therefore unsuccessful therapy, especially in the form of local and 

systemic corticosteroids may cause amelioration of symptoms, allowing the infestation 

to persist. Consequently, the resulting atypical clinical picture makes it more difficult to 

diagnose and such cases become reservoirs for scabies transmission (Moberg et al., 1984; 
Gogna et al., 1985; Gach & Heagerty, 2000). 
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Figure 1.7 Sarcoptic mange in the dog. 
Chronic infestations lead to generalised alopecia and 
connective tissue proliferation, characterised by thickening, 
drying and wriniding of the skin. (Photo by B. Currie) 
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Figure 1.8 Crusted scabies. 
Development of fatal sepsis secondary to crusted scabies. 
(Photos by B. Currie) 
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Numerous outbreaks of classical scabies amongst staff and patients of institutions and 

nursing homes have been reported. These mostly occur as a result of misdiagnosis in 

individuals with crusted scabies (Wells, 1952; O'Donnell et al., 1958; Haydon & Caplan, 

1971; Lee, 1971; Orkin, 1971; Zakon & McQuay, 1972; Paterson et al., 1973; Carslaw 

et al., 1975; Hubler & Clabaugh, 1976; Juranek et al., 1985; Orkin, 1985; Purvis & 

Tyring, 1991). In the elderly, pruritus due to other conditions is a very common 

complaint and with a low index of suspicion, diagnosis of scabies can be missed (Moberg 

et al., 1984; Burgess, 1996). Frequently, the occurrence of ordinary scabies among 

contacts is the indicator for diagnosis. Staff who contract the infestations from patients 

tend to present with lesions distributed in areas of most contact with patients such as the 

forearms and wrists (Lee, 1975). The surroundings of a patient with crusted scabies have 

been found to be heavily contaminated with mites of all life stages. Bed linen, curtains, 

furniture and floors have been found to harbour numerous mites (Carslaw et al., 1975). 

Floor sweepings often contain an abundance of epithelial debris from the patient in 

which a multitude of mites reside (personal observations). 

Microscopic examinations of skin scrapings from a patient suspected of having crusted 

scabies can reveal the presence of numerous mites and eggs and is the most reliable 

method for confirming a diagnosis (Burgess, 1996). Biopsies of lesions demonstrate 

numerous burrows in the upper part of the epidermis containing great numbers of mites 

and faecal material (Fernandez et al., 1977; Van Neste & Lachapelle, 1981; Elgart, 

1990). 

Crusted scabies is uncommon and usually associated with underlying predisposing 

conditions. It is found in the immunosuppressed or immunodeficient as well as in the 

mentally deficient or physically debilitated individuals. Defects in host immunity allows 

the establishment of very large mite populations in the skin of these susceptible 

individuals (Mathisen, 1998). Minimal scratching due to a lack of sensitisation or 

restricted movement is believed to promote the multiplication of mites and increase the 

severity of symptoms (Wells, 1952; Burks et al., 1956; Dahl, 1983; Green, 1989). The 

first case of crusted scabies attributable to immunosuppression was described in 1973 by 

Paterson and colleagues . Illnesses with which the condition has been associated include 

leprosy (Barbosa Jr. et al., 1996), cancer (Moberg et al., 1984; Wolf & Krakowski, 

1987), diabetes mellitus (Hubler & Clabaugh, 1976; Frost & Parker, 1988; O'Kane, 

1994), Bloom's Syndrome (Dick et al., 1979), Down's Syndrome (Gach & Heagerty, 

2000), Turner's Syndrome (Ruiz-Maldonado el al., 1977), renal transplantation (Gogna 

et al., 1985; Orkin, 1985), trisomy 21 (Zakon & McQuay, 1972; Hubler & Clabaugh, 

1976; Bonomo et al., 1998), melioidosis (O'Kane, 1994), I-HV infection (Glover et al., 

1987; Bitman & Rabinowitz, 1998; Mathisen, 1998), HTLV-1 infection (Egawa et al., 
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1992; del Guidice, 1997; del Guidice & Sainte Marie, 1997), and in those undergoing 

immunosuppressive therapy and corticosteroid use (O'Donnell et al., 1958; Fain, 1978; 

Gogna et al., 1985; Orkin, 1985). 

Adult T-cell leukaemia (ATL) was first described in south-western Japan and the 

Carribean islands in 1977 and is a condition which is associated with severe 

immunosuppression. Human T-lymphotropic virus I (HTLV-1) is the etiologic agent of 

ATL. Studies on crusted scabies in HTLV-1 seropositive patients led to the conclusion 

that the immunosuppression associated with ATL predisposes these individuals to this 

variant of scabies (Egawa et al., 1992; del Guidice & Sainte Marie, 1997). Marsh (1996) 

suggested that HTLV-1 infection is associated with an increased risk of tuberculosis or 

leprosy. 

In the Northern Territory of Australia scabies is endemic in many Aboriginal 

communities and crusted scabies has been diagnosed in several Aborigines (Green, 1984; 

Woitman, 1993; O'Kane, 1994; Woitman, 1994). In central Australia where HTLV-1 is 

endemic, its association with crusted scabies has been reported (Mollison et al., 1 993; 

Currie et al., 1995). In the Top End of the NT however, crusted scabies is seen in 

previously treated leprosy patients (O'Kane, 1994) and patients with systemic lupus 

erythematosus (which has a higher prevalence amongst Australian Aborigines) (Anstey et 

al., 1993). There have been some cases of crusted scabies in Aboriginal Australians in 

whom no predisposing condition was recognisable (Gogna et al., 1985). 

Very high levels of total IgE have been reported in crusted scabies patients (Salo et al., 

1981; O'Kane, 1994). Lymphadenopathy, blood eosinophilia and decreased IgA levels 

are also common (Wells, 1952; Glover et al., 1987; Carizaves & Harman, 1992). 

Treatment and control measures for crusted scabies are discussed in section 1.7. 
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1.6 TRANSMISSION AND EPIDEMIOLOGY 

1.6.1 Transmission 

Several views exist on the mechanisms of transmission of the sarcoptes mite most of 
which have been based on experimental observations. Munro (1919) cites that Hebra 
found fomites to be an insignificant source of transmission and suggested that 
disinfection of clothing and blankets was not necessary. This view is supported by other 
authors (Andrews, 1991; Carizaves & Harman, 1992; Burgess, 1996; Maunder, 1998). 
Studies by Mellanby also suggested that fomites were a poor source of transmission 
(Mellanby, 1942). On the other hand, MacCormac and Small (1917) considered blankets 
to be the main source of infection. Clothes and other fomites were also believed to be 
potential sources of the spread of disease by Bonomo in his letter to Redi (Lane, 1928; 
Ramos-e-Silva, 1998). Munro (1919) tested the infestivity of blankets and clothing on 
non-infested volunteers and found blankets to be a very poor source while clothing 
produced almost immediate results, remaining infestive for at least 11 days under 
ordinary atmospheric conditions. More recently and contrary to common belief, 
Burkhart and colleagues (2000) insist that available data indicates that fomites are more 
important in the transmission of scabies than direct physical contact. The importance 
of fomites in the transmission of lice has been well documented (Mellanby, 1941). 
Indeed, transmission via fomites is more significant in crusted scabies cases where the 
surroundings of these patients have been found to be heavily contaminated with mites 
(section 1.5.5). 

Based on observations by Cunnington and Gregory (1968), Carslaw and co-workers 
(1975) suggest that scabies mites which are similar in size to house dust mites may 
become air-borne and spread in this manner, especially in cases of crusted scabies. Arlian 
and Vyszenski-Moher (1988) have found scabies mites in house dust in the homes of 
scabies patients. O'Donnell and colleagues (1958) found mites of all stages of 
development in the room of a crusted scabies patient, including on curtains, walls and 
children's toys. Sweepings from the floors of rooms occupied by crusted scabies patients 
at the Royal Darwin Hospital revealed large numbers of mites from all life stages 
(personal observation). 

The most common source of transmission is prolonged, close personal contact with 
infected individuals, and often during the presymptomatic stage when there are a large 
number of mites present (Kettle, 1984; Green, 1989; OKane, 1994; Burgess, 1996). 
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Mellanby (1944) showed that it was the newly-fertilised adult female mite which was 

usually involved in transmission, as up to 90% of the immature mites died before 

reaching adulthood, hence their invasion was unlikely to establish infestation. Some 

authors argue that the more active immature forms may be responsible for transmission 

since the ovigerous female rarely leaves her original burrow (Alexander, 1984; Andrews, 

1991; O'Kane, 1994). Mellanby has shown experimentally that the immature stages are 

unlikely to transmit the disease, and even after establishing itself in a burrow, scratching 

may dislodge the ovigerous female (Arlian et al., 1989; Estes & Estes, 1993). 

Furthermore, it was often possible to cure an individual by removal of adult female 

parasites from an infested individual with a low parasite rate (Johnson & Mellanby, 

1942). However, it was also observed that the greater the number of mites e.g. as in 

cases of crusted scabies, the more likely it was that transmission would occur, even 

through fomites, to give rise to classical scabies (Mellanby et al., 1942a; Mellanby, 1944; 

Mellanby, 1977; Abdalian, 1996; Burgess, 1996). There is no conclusive evidence to 

suggest that disinfestation of clothing and blankets is unnecessary (Mellanby, 1941). 

Domestic animals have also been implicated as vectors in the transmission of scabies 

upon close contact with a human being (Munro, 1919; Svartman et al., 1972; Poon-king 

et al., 1973; Kwochka, 1987; section 6.3). 

1.6.2 Survival of Mites 

The scabies mite is an obligate parasite which has adapted so perfectly to its habitat that 

it no longer possesses anatomy typical of free-living mites. Its thin integument provides 

no protection against enemies or harsh conditions and it has no respiratory system to 

supply it with oxygen from the air (Elgart, 1990; Maunder, 1998). This is also true of 

other mites belonging to the order Astigmata (Spieksma, 1997). Instead, the mite 

obtains its oxygen from the skin of its host and avoids desiccation by burrowing into and 

living within the epidermis under conditions of 100% humidity. It is highly unlikely that 

such a creature would be capable of survival off its host. Nevertheless, several studies 

have been conducted to establish whether or not the sarcoptes mite is able to live off its 

host and if so, for how long and under what conditions, since the ability to do so has 

important implications in the study of the spread of the disease (Gordon & Unsworth, 

1945). 

Most authors agree that relative humidity (r.h.) and temperature are critical 

determinants of the mite's survival time off the host. Conflicting data on the maximum 
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number of days a mite can survive off its natural host under normal conditions is 

probably a result of the lack of standardisation of parameters which define such 

conditions. Numbers range from two days to eleven days (Munro, 1919; Estes & Estes, 

1993; Kolar & Rapini, 1991). 

Mellanby determined that the temperature threshold for movement was between 1 5°C 
and 16°C. However any movement at these temperatures was very slow. Below 15°C 
the mites are in a state of chill coma, they become more active at temperatures between 
20°C and 37°C (Mellanby et al., 1942a). Personal experience shows that mites which 

have been removed from the host and have been immobilised by refrigeration become 
active after 30 minutes at 37°C. The best conditions for survival of all life stages are 
low temperatures (10-15°C) and high r.h. (Arlian et al., 1989). 

Work on canine mites demonstrated that female mites and nymphs survived longer (by 

about two-thirds as long) than larvae and males under a range of conditions tested. At 
10-15°C and 97% r.h., starving females and nymphs would survive for up to 3 weeks, and 
as humidity was reduced to 45% survival time was also reduced to 5-8 days. At higher 
temperatures (20-25°C) dessication occurs more rapidly and the ability to penetrate the 
host skin is lost, survival time is reduced to 1-3 days (Estes & Estes, 1993). Under 
normal room conditions of 20°C and 45-75% r.h., nymphs were able to survive off the 
host for 3-5 days. This suggests that fomites may act as an indirect source of scabies in 
the spread of the infestation (Arlian et al., 1989). At 50°C and 75% r.h., thermal death 
occurred in under 10 minutes, there was no sign of desiccation. Freezing at -25°C for up 
to 1.5 hours or more also resulted in 100% mortality (Mellanby, 1942; Arlian et al., 
I 984a). Results between canine mites and human mites were comparable (Arlian et al., 
1984a). Once a dislodged mite was returned to a host, complete penetration occurred in 
less than 30 minutes, irrespective of the life stage. When the time spent off its host is 

increased, the mite is weakened and penetration time upon return to the host is also 
increased. 

Eggs obtained in skin scrapings would hatch at room temperature. Gerlach's experiments 
in the 1800s demonstrated that eggs would remain alive for at least 10 days once 

removed from the host skin if they were kept at low temperatures and high humidity 

(cited in Alexander, 1984). Hence, shed skin harbouring eggs may act as a source of 

infestation. This is especially true in the cases of crusted scabies patients where the 
surroundings are contaminated with epithelial debris containing all life stages of 
Sarcoptes scabiei (O'Donnell et al., 1958; Carsiaw et al., 1975) . Mellanby observed that 
there was a high mortality of mites prior to reaching adulthood with only 10% of 
immature stages ever succeeding in doing so (Mellanby, 1977). 
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Nevertheless, in light of all of the above evidence, it can be assumed that infestation via 

fomites and dislodged mites may occur provided the mites have been in settings of 

favourable conditions of temperature and r.h. In most circumstances however, the 

conditions will not be ideal and mites would have been subjected to partial dehydration 

and starvation before they make contact with a host, so they are no longer strong 

enough to penetrate the skin and survive on the new host. Hence the risk of infestation 

by such mites would have to be quite low (Burgess, 1994). 

1.6.3 Host Specificity of S. scabiei 

S. scabiei is known to infest at least 40 different hosts. Morphological characteristics of 

mites from different hosts exhibit only minor differences. Fain (1978) studied the 

morphology of sarcoptes from a broad range of sources and concluded that there was 

only one valid but variable species. The variations result from the size and number of 

dorsal field and ventrolateral spines. However the relationship between this and host- 

specificity remains to be elucidated (Fain, 1978; Estes & Estes, 1993). Fain also 

suggested that the scabies mite originated from man, who later passed it onto domestic 

animals and then wild animals. 

A diagnosis of scabies of animal origin is aided by the patient's history of contact with 

the infested animal and subsequent examination of the pet followed by the 

demonstration of the mite on the animal (Orkin, 1975). 

Clinical signs of human infestation with animal scabies differs from that of human 

scabies in the distribution of pruritic papules which are often present at sites in contact 

with the animal. Characteristic features of cross-infestations include simultaneous 

occurrence of scabies in several members of the family, the rapid onset of pruritus, the 

absence of burrows and the great difficulty in demonstrating mites (Beek & Mellanby, 

1953; Smith & Claypoole, 1967; Orkin, 1975; Parlette, 1975; Chakrabarti et al., 1981; 
Parish & Schwartzman, 1993). Cross-infestations are usually transient in nature. When 

the infested animal is treated or removed, symptoms and signs spontaneously clear even 

without treatment (Beek & Mellanby, 1953; Smith & Claypoole, 1967). In some cases, 

lesions may persist for several weeks until treatment is begun (Emde, 1961). 

Physiological factors are believed to play a role in the limited cross-infestivity between 

hosts. Among these are differences in physiology of the mite; the host immune 

response; resistance of the mite to the host immune response; differences in the 

chemical and physical properties of the host skin for dietary and non-dietary 
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requirements of the mite; and antigenicity of the mite (Arlian & Vyszenski-Moher, 
1987; Arlian, 1989; Estes & Estes, 1993). Successful transfers require both mite 
adaptability and favourable host conditions (Arlian et al., 1988b). Mitra et al. (1993) 
observed that in order to infect a human host with animal variants of the scabies mite, 
prolonged association is required. 

Attempts to experimentally transfer sarcoptes mites to different hosts have been largely 
unsuccessful and most biological evidence points towards host specificity (Kwochka, 
1987; Arlian et al., 1988b; Parish & Schwartzman, 1993). Occasionally however, there 
have been reports of successful transfers between different hosts; although there are no 
known records of human mites surviving on other animals, mites from domestic animals 
such as the dog, cat, pig, goat, sheep, monkey, water buffalo and even camel have been 
reported to infest humans (Beek & Mellanby, 1953; Fain, 1978; Chakrabarti et al., 
1981; Estes et al., 1983; Chakrabarti, 1985; Chakrabarti, 1986). Parish and 
Schwartzman (1993) noted that in approximately 33% of pet owners who contract 
scabies, mites have been transferred from the domestic animal. 

In 1983, Estes and colleagues experimentally applied var. canis mites to the skin of 
human volunteers and monitored the progress over 96 hours. Mites were observed to 
burrow, defecate and lay eggs. Whilst a complete life cycle was not followed through in 
this study, results indicate that canine scabies mites are capable of such activities on 
human subjects. Norrins (1969) made a similar observation, concluding that var. canis 
mites are capable of propagation on the human host. 

Temporary infestations have lasted from a few days up to 5 weeks (Arlian et al., 1984b; 
Arlian et al., 1988b). During this time, mites of all life stages have been observed on the 
unrelated host species, suggesting that they are capable of reproducing and surviving on 
the atypical host (Arlian et al., 1984b). Upon their return to the natural host, mites 
continued to live normally. Hence, temporary hosts may serve as reservoirs for mite 
transmission back to the natural host (Arlian, 1989). In a series of experimental 
transfers between different hosts, S. scabiei var. canis mites were successfully transferred 
to New Zealand white rabbits without altering the physiology or morphology of the 
parasite. Interestingly, attempts to infest the same host rabbits with var. hominis and 
var. suis mites failed. Collectively, these results suggest that whilst varieties of S. scab iei 
possessed some degree of host preference they are not completely host specific (Arlian 
et al., 1984b). The ability of canine scabies to complete a life cycle on humans is yet to 
be determined (Estes et al., 1983). 
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More recently, Skerratt and Beveridge (1999) reported transmission between humans of 

S. scabiei which was originally acquired from a wombat. The primary human hosts 

developed symptoms 2 to 24 hours after handling dead mangy wombats. The clinical 

presentation was typical of scabies acquired from other animals and clinical signs in the 

second human host were similar to those of the first human host. In both the primary 

and secondary human hosts the infestation was self-limiting. No mites were recovered in 

skin scrapings taken from either of the infested human hosts. This is the first report of 

human-to-human transmission of animal mites. 

Unlike fleas which are known to cross-infest between hosts that live in close proximity 

of each other e.g. cats and dogs, the transfer of var. canis mites to another host doesn't 

occur readily, even if the hosts are commonly found in the same environment and 

interact closely (Arlian et al., 1988b). 

Recently, Walton and colleagues (Walton, 1999; Walton et al., 1999) conducted 

molecular fingerprinting studies on 712 scabies mites from human and dog hosts in Ohio, 

Panama and Aboriginal communities in northern Australia. Three S. scab ie i- specific 
microsatellite markers representing 70 known alleles were utilised. The results of the 

study suggests that dog-derived mites are genetically distinct from human-derived mites, 

each undergoing separate transmission cycles irrespective of the physical closeness of 

hosts and cross-infestations are extremely rare. This is illustrated by the comparison of 

genotypic analysis of mites from 3 young dogs and mites from a 4-week old baby in the 

same house. The results of this investigation showed that the mites from the puppies 

and baby were less similar than var. canis mites on different continents, suggesting that 

the household dogs were not the source of infection in the young baby. This work led to 

the conclusion that contrary to common belief, var. canis and var. horninis mites are 

not of the same species. Phylogenetic studies based on the 16S ribosomal subunit of S. 

scabei mitochondrial DNA are currently underway to more clearly define the taxonomic 

status of host-affiliated strains. Presently, it is recommended that resources for scabies 

control programs be directed primarily at human-to-human transmission and not 

zoonotic infection from dogs. 

1.6.4 Epidemiology 

Throughout history, scabies has been a disease commonly associated with wars. The 

terms "seven year itch" and "camp itch" originated from the Napoleonic wars and 

American civil war and are associated with scabies infestations (Green, 1989). In the 

1899-1902 South African War, it was documented that skin diseases contributed to 50% 
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of all war casualties (MacKenna, 1943). MacCormac and Small (1917) observed that in 

the First World War, scabies caused more casualties than any other disease, even more 

than the war itself, incapacitating many men from their duties. This was probably the 

result of secondary infection. Scabies was found to be the most common skin disease 

amongst soldiers, next to pediculosis. It was estimated that up to 400 000 men in the 

French army became casualties of the disease during the Napoleonic wars (Alexander, 

1984). In 1943, scabies was described as the most time-wasting disease of the Army in 

Britain (Gordon & Unsworth, 1945). The harsh conditions of active service meant that 

secondary infections were a common sequelae to the disease, causing prolonged sickness. 

Although commonly associated with many wars, a high incidence of scabies has been 

reported at other times. In 1903, Crocker listed scabies as one of the six most common 

dermatoses in Australia, and in 1914 it was the third most common skin disease on the 

list of the American Dermatological Association. Between the years 1923-1927, in the 

annual reports of the Australian Skin and Cancer Hospital scabies came second only to 

eczema (Summons, 1955). Natural disasters and periods of human migration have also 

contributed to an increased incidence. In the 19th  century, with the gross overcrowding 

resulting from mass migrations, scabies adopted the names "the Polish Itch", "the Italian 

Itch", etc. (Alexander, 1984). In addition to importation of scabies by immigrants, 

children adopted from Southeast Asia were frequently infested (Orkin, 1975; Fain, 1978; 

Green, 1989). 

Friedman (1948) was convinced that scabies epidemics stemmed from wars, but 

observations of outbreaks in prewar times (1937-8) suggest that this is not always true 

(Mellanby, 1942). Furthermore, Crewe observed that the incidence of scabies in 1955 

among civilians was 4-5 times that in the army (Alexander, 1984). The outbreak before 

the Second World War led to suggestions that there may be a cyclical trend associated 

with the scabies epidemics. The periodicity of these epidemics have been reported to 

occur as often as every ten years to every thirty years (Shrank & Alexander, 1967; 

Green, 1989). 

One popular theory proposed by Shrank and Alexander (1967) was that of "herd 

immunity", which suggests that epidemics occur in approximately 30 year cycles and last 

for about 15 years. The development of immunity in individuals involved in the 

epidemic would see the eventual eradication of the disease for a period of approximately 

15 years until a new non-immune population would arise to begin a new cycle of 

infection and hence, another epidemic. This theory holds for the patterns observed in 

wartime outbreaks. However in some tropical and subtropical countries where the 

incidence of scabies has been observed to remain at a high level with no fluctuations, 
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there is less support for this theory. A report by Christophersen (1978) based on the 

number of scabies cases in Denmark, the only country in which the law requires scabies 

cases to be reported to a central register, there was no evidence to support the theory of 

herd immunity between 1900 and 1970. 

Several factors affect the epidemiology of scabies. These are discussed below. 

1.6.4.1 Seasonal Variation 

Most studies on the influence of seasonal change on scabies show an increased incidence 

in autumn and winter, followed by a decline in spring. This has been attributed to the 

fact that people tend to crowd together for warmth, increasing the amount of close 

personal contact and hence transmission. Furthermore, the humidity and cool 

environments are ideal for mite survival off the host. Increased survival time also 

favours transmission (Christophersen, 1978; Green, 1989; Burgess, 1994). 

1.6.4.2 Race, Age and Gender 

Various studies have reported differences in incidence between people of different ethnic 

origins, although it can be argued that most of these differences are due to other factors 

such as customs, habits, living conditions, and not a direct result of ethnic origin. One 

certainty is that all ethnic groups are susceptible to the disease (Alexander, 1984; Green, 

1989). Similarly, there have been many inconsistent reports on the incidence of scabies 

in the different age groups and between the two sexes. Generally, when predisposing 

factors are not involved, the disease most commonly affects the younger population to a 

greater extent, declining with age and with the largest number of persons being affected 

belonging to the age group of <5 years (Beek & Mellanby, 1953; Nair et al., 1973; 

Alexander, 1984; Green, 1984; Burgess, 1994). Classical scabies is usually rare in 

persons over the age of 50 (Moberg et al., 1984). Although some studies have shown a 

difference in the rate of incidence at different times, both sexes are equally susceptible to 

the infestation (Nair et al., 1973; Christophersen, 1978; Mellanby, 1985). 

1.6.4.3 Poverty, Overcrowding and Poor Hygiene 

Poor hygiene and overcrowding are the main factors associated with the spread of scabies 

during the wars, and common belief was that "dirty" individuals who reside in 

overcrowded living quarters represent the majority of persons who contract the disease 

(Mellanby, 1942; Parlette, 1975; Woltman, 1993). Overcrowding is also apparent in 

underdeveloped countries. Work by Failmezger in underdeveloped Latin American 
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countries found scabies to be the most common skin disease contributing to high 
morbidity (Badame, 1988). Nevertheless, "clean" people have also been infected and it 
has been suggested that frequent washing and good hygiene practices only serve to delay 
the onset of the disease and reduce the intensity of secondary infections (Munro, 1919; 
Nair et al., 1973; Mellanby, 1977; Mellanby, 1985 #263; Green, 1989; Burgess, 1994). 
In 1987, Taplin and Meinking observed that 47% of residents in a nursing home in 
Florida had been infested with scabies despite the scrupulous attention to personal 
hygiene (Taplin & Meinking, 1989). Another instructive example occurs in the 
Solomon Islands (Eason & Tasman-Jones, 1985). While these islands are grossly 
overcrowded, a lack of hygiene is not seen as children in particular spend a lot of time 
swimming. Yet scabies is still a problem. These examples illustrate that hygiene is 
irrelevant to scabies infestation. 

Fain (1978) observed that a rise in the incidence of scabies in the 1970s parallelled the 
increase in infection with the arthropods Pediculus humanus and Phthirus pubis and 
suggested that the resurgence may relate to the relaxation of hygiene practices. 
However this could have resulted from the increased promiscuity of the 1960s. 

The disease has been noted in individuals from different socioeconomic levels; poverty 
alone does not encourage the spread of the disease unless it coexists with overcrowding 
(Nair et al., 1973; Green, 1989; Taplin & Meinking, 1989; Huffam et al., 1997a; 
Mathisen, 1998). In 1936, Stokes reported 53 diagnosed cases of scabies ". .among the 
better feathered, and silver spooned and the intellectual and professional elect...", a 
physician failed to make a diagnosis because he believed it wasn't a disease ". . . nice 
people ever had". Studies undertaken in the 1940s on the correlation between the 
incidence of scabies and intelligence levels in 500 recruits of the Royal Army Medical 
Corps, found that an increase in the incidence of disease was proportional to the decrease 
in intelligence (Hodgson, 1941; MacKenna, 1943). Clearly, confounding factors such as 
crowding may account for this finding. 

1.6.4.4 Familial Incidence 

Intrafamilial spread of scabies is a common occurrence. Studies have associated large 
numbers of people and overcrowded sleeping space within a household with an increase in 
the number of infected individuals (Nair et al., 1973). Prolonged close contact between 
family members e.g. mother and child, and sharing of contaminated beds, towels and 
linen encourages the spread of the disease. This has not always been observed and some 
researchers noted that occasionally certain individuals within families where scabies is 
present do not contract the disease (Taplin & Meinking, 1989; Burgess, 1994). Recent 
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molecular studies by Walton et al. (1999) describe a familial association in scabies 

infestations. Patients who have been treated for crusted scabies are often reinfected 

upon their return home where other family members may still act as carriers (Woltman, 

1994). Today it is common recommended practice in communities where scabies occurs 

to treat the whole family rather than just infected individuals. 

1.6.4.5 Sexual Promiscuity 

Although not a common mode of transmission, sexual contact has been linked with the 

spread of scabies among teenagers and young adults, and it has been frequently described 

as a sexually transmitted disease (Stokes, 1936; Alexander, 1984; Andrews, 1991). Data 

from the New York City Department of Health Bureau of Venereal Disease Control 

between 1976-1980 showed that 60-80% of individuals infested with scabies acquired the 

disease by sexual transmission or close personal contact e.g. sharing beds with an infested 

individual (Felman, 1985). More recently, an increase in the sex tourism in Cuba has 

been blamed for a minor scabies epidemic (Burgess, 1999). 

Scabies is one of the few venereal disease which is also commonly transmitted non-

sexually (Orkin & Maibach, 1985b). Orkin (1971) describes an observed trend in the 

incidence of scabies which parallels that of syphilis, although this preceded the increase 

in scabies by approximately seven years. However it may coexist with syphilis and the 

chancre of syphilis may be associated with scabietic lesions (Beek & Mellanby, 1953; 

Orkin, 1975). 

1.6.4.6 Institutional Outbreaks 

Crusted scabies is a known source of ordinary scabies outbreaks in hospitals, nursing 

homes and correctional institutions (O'Donnell et al., 1958; Fain, 1978; Mathisen, 

1998). The increased parasitic load leads to a greater likelihood of transmission (Orkin 

& Maibach, 1985b). In elderly patients crusted scabies mimics exfoliative psoriasis, and 

since scabies is rare in elderly patients, treatment is delayed and transmission encouraged 

(Moberg el al., 1984). Patients on immunosuppressive drug therapy are more susceptible 

to infection (Huffam et al., 1997a). In hospitals and nursing homes, close personal 

contacts of medical staff with patients exposes them to infestation from unsuspected 

patients (Alexander, 1984). Green (1989) estimated 40-50% of staff in these 

establishments contracted the disease if exposed to crusted scabies. In one study from 

Norway in which 22 out of 25 patients in an institution for the mentally handicapped 

developed crusted scabies, staff members were reported to have been treated for ordinary 

scabies during the outbreak (Hubler & Clabaugh, 1976). 
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Outbreaks in prisons and boarding schools are most commonly associated with 

overcrowding (Pierce, 1951; Taplin & Meinking, 1989). Ineffective treatment regimes 

due to misdiagnosis and transfer of patients between institutions may exacerbate the 

problem (Burgess, 1994). 

1.6.4.7 Fomites 

The role of fomites in the spread of scabies has been widely debated. This has been 

discussed in section 1.6.1. 

1.6.4.8 The Role of Carriers 

On primary infestation the onset of symptoms are often delayed from 3-6 weeks post 

infection. These individuals are more likely to act as carriers, spreading the disease to 

others without being aware of it. This is also true of infested individuals who do not 

present with any secondary infections (Mellanby, 1942). Longer incubation times of up 

to seven months have been reported (Burkhart et al., 2000). 

1.7 TREATMENT AND CONTROL 

1.7.1 Treatment 

According to Montesu and Cottoni (1991), the Arabian physician Abu-l-Hasan Ahmad 

at-Tabari of Tabaristan, who lived around 970AD,  applied ointments to the skin to cure 

the condition which he noted was caused by the presence of the itch mite in the skin 

lesions. Over the centuries, numerous compounds have been used for the treatment of 

scabies. Most of these have been topical applications of various creams, emulsions or 

solutions containing acaricidal active ingredients. Many of these treatments were short-

lived; the recent use of kerosine baths in a nursing home which caused an outcry is one 

example (2000b). Only a handful of remedies remain in use today. The ideal scabicide 

would need to be readily available, effective, minimally absorbed by the skin, non-toxic 

and cheap. It should kill the mite and egg rapidly and require only a single application 

and promptly relieve itching. Factors which need to be considered before the 

administration of treatment to patients include the age of the patient, their health 

status, and the degree of excoriation and eczematisation present (Maibach & Orkin, 

1985). 
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In most cases, a warm bath immediately prior to treatment is recommended to enhance 

effectiveness by softening of skin. However, it is important that treatment is only 

applied to the skin once it has been thoroughly dried to avoid toxicity (Kolar & Rapini, 

1991). 

Sulphur is the oldest treatment still in use today. It has been used in a variety of 

forms in the past, however as a scabicide the most successful form is the ointment 

of 6-10% precipitated sulphur in petroleum jelly. Its availability and cheapness has 

rendered it the preferred treatment in wartime conditions, for the underprivileged 

and in areas where other acaricides are lacking (MacCormac & Small, 1917). Its 

main drawbacks are its odour, messiness and tendency to stain clothing (Carter, 

1941; Rees, 1985). 

Sulphur ointment is applied for 3 consecutive nights over the whole body from the 

neck down and left on for a period of 8 hours (Mellanby et al., 1942b; Elgart, 

1990). Mellanby et al. (1942b) observed that a high proportion of the mites on the 

human host were killed by a single application of the ointment. Such was the 

reliability of this treatment that as early as the 121h  century, St. Hildegard von 

Bingen stated in her early works on scabies that with application of sulphur 

ointment over five consecutive nights "the sick person will get well unless God does 

not intend that he be healed" (cited in Ramos-e-Silva, 1999). In infants and 

pregnant and lactating women it is the preferred treatment due to its wide margin of 

safety (Rees, 1985; O'Kane, 1994). If misapplied, as with any other treatment, the 

ointment may produce an irritant dermatitis (Carter, 1941; Gordon & Unsworth, 

1945). 

Sulphur itself is not toxic to mites. Mellanby et al. (1942) demonstrated through in 

vitro studies that mites placed in the sulphur ointment on a glass slide survived for 

several days. The ointment reacts with constituents in the skin to form hydrogen 

sulfide and pentathionic acid, both of which possess germicidal and fungicidal 

activity and are believed to be responsible for the killing of mites (Hurwitz, 1985). 

Benzyl benzoate is another old but reliable treatment with a wide margin of safety. 

Its use has been recorded since 1900 (Mellanby et al., 1942b). Its application in 

scabies therapy was first advocated by Kissmeyer in 1937 whose results were 

supported by trials conducted by Mellanby and colleagues in 1942 . Unlike sulphur, 

benzyl benzoate was demonstrated to be rapidly lethal to mites within five minutes 

of contact in vitro (Mellanby et al., 1942b) and provided almost immediate relief of 

itching (Mackenzie, 1941). Its usual therapeutic form is a 25% lotion (Ascabiol) 
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which has been found to be 100% effective (Mellanby et al., 1942b; Lee, 1975). 

Lower concentrations of 5-10% have also been tested and are less efficacious, 

however at 20% concentration it has been proven to be adequate for the treatment 

of scabies. The effect of emulsifying agents on the efficacy of treatment is 

negligible. Both the aqueous and spirit emulsions were found to be as efficient as 

each other (Mallen, 1942). Benzyl benzoate does not destroy eggs, thus a second 

application may be necessary after a period of one week of the first treatment when 

the eggs have hatched. The compound may cause severe stinging and is not well 

tolerated, especially by children. It provides a higher incidence of dermatitis with 

continued use. Nevertheless, the incidence of recurrence following a cure has been 

reported to be very low (Mallen, 1942). 

In one treatment program in Bombay, at least 500 patients were treated with benzyl 

benzoate using a "total immersion" approach, whereby patients immersed 

themselves briefly in a tank filled with 30 litres of 10% benzyl benzoate. This 

approach had a success rate of 99% and reduced the cost of individual treatment by 

10% (Carizaves & Harman, 1992). 

Crotamiton 10% (Eurax) has been widely used for scabies and is the scabicide of 

choice in infants below 2 months of age and young children because of its 

antipruritic effect (Burns et al., 1979; Kolar & Rapini, 1991; Connors, 1994). It 

does however require several applications, sometimes up to five daily, and reports 

on its efficacy are varied (Konstantinov et al., 1979). It is odourless, non-greasy 

and non-irritating. Its low toxicity makes it suitable for pregnant and lactating 

women and for the persistent post-scabietic itch (Orkin & Maibach, 1985a; Huffam 

et al., 1997a). 

Gammabenzene hexachioride (GBH; Lindane; Kwell; Scabene; Quellada) provided the 

first possibility of a one-application treatment of scabies. Lindane was first applied 

for the treatment of scabies in 1948 by Wooldridge and shown to be highly 

efficacious by Cannon and McCrae (1948). A success rate of 100% was achieved 

after 3 applications of the drug. Since then it has become the most widely used and 

most extensively studied scabicide in both humans and animals, gaining popularity 

through its non-irritating quality, cleanliness, ease of application and efficacy. 

Once percent gammabenzene hexachloride was found to be effective in the 

treatment of both ordinary and crusted scabies (Haydon & Caplan, 1971; Paterson 

et al., 1973). In the latter, it was observed that a single application of the 1% 

compound led to a dramatic improvement with striking reduction of scaling and 

total eradication of all live acari on the host (Paterson et al., 1973). 
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Suspicions about possible toxicity of the product first arose in 1976. Orkin and 
Maibach (1978) advised against its use in infants, young children or pregnant 
women based on an earlier report that 9% of a single dose of GBH in acetone 
applied to the forearm was found to be absorbed and secreted in urine (Feldmann & 
Maibach, 1974), bearing in mind that the forearm is one of the least permeable sites 
on the human body (Maibach et al., 1971). Several reports of lindane poisoning 
have been published, mostly in infants and children (Davies et al., 1983). However 
the majority of these have been the result of ingestion, misapplication or 
overtreatment. 

Further investigations into absorption of lindane through the skin has shown that 
the chemical is deposited in lipid tissues, primarily in the white matter of the brain 
where it persists in low levels for up to two weeks. In serum the levels peak at 6 
hours post-application (ODonnell et al., 1958). Its application after a hot bath is 
not recommended, since this potentially increases cutaneous absorption and 
subsequent toxicity (Feldmann & Maibach, 1974). When used strictly as directed, 
lindane appears to be safe, however the potential for toxic effects from 
inappropriate use persists. Hence its use is contraindicated in young children, in 
those with seizures, and in pregnant and lactating women. (O'Donnell et al., 1958; 
Huffam et al., 1997a). 

Lindane has also been used in the treatment of pediculosis (Maibach, 1985 4252; 
Meinking et al., 1986; Lane, 1990; Abdalian, 1996). However resistance of this 
parasite to the treatment has been documented (Kucirka et al., 1983; Taplin, 1983). 
In scabies, emerging tolerance has been observed (Hernandez-Perez, 1983; Meinking 
et al., 1986; Taplin et al., 1986; Woltman, 1994) with indications of developing 
mite resistance to lindane (Purvis & Tyring, 1991; Roth, 1991). Lindane is no 
longer available for the treatment of scabies in Australia due to its toxicity. 

5) Permethrin (Lyclear; Elimite) is a synthetic pyrethroid and a relatively new 
treatment for scabies. It was first described in 1986 in the work of Taplin and 
colleagues who tested its efficacy as a 5% dermal cream against the 1% lindane 
lotion (Kwell) for the treatment of microscopically confirmed scabies. The study 
demonstrated a 91% cure rate following a single overnight application, compared 
with 65% from treatment with lindane. Work by other groups support the finding 
that 5% permethrin is effective in curing scabies which has developed resistance to 
other standard therapies, in particular lindane (Taplin & Meinking, 1989; Purvis & 
Tyring, 1991; Roth, 1991; Woltman, 1994). It is cosmetically acceptable to 
patients, thus achieving a high rate of compliance, and can be applied to the whole 
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body including the scalp, ears and eyelids with ease (O'Kane, 1994). Hence its high 

success rate in several community control programs (Taplin et al., 1986; Taplin et 

al., 1991; Tada et al., 1999). 

5% permethrin cream was approved by the Food and Drug Administration for use in 

the USA in 1989, however it was only lincensed in Australia and the UK in 1994 

(Woltman, 1993; Downs, 1997; Huffam et al., 1997a). In Australia, it is approved 

for use in infants over 6 months of age, while in the US and UK it is licensed for use 

in infants from 2 months of age (Currie et al., 1994). It is successful in the 

treatment of both ordinary scabies and crusted scabies (Carizaves & Harman, 1992; 

Huffam et al., 1997b; Bitman & Rabinowitz, 1998). 

Resistance of head lice to permethrin has been reported (Chosidow et al., 1994; 

Burgess et al., 1999; Downs et al., 1999a; Downs et al., 1999b) and its prolonged use 

as a topical agent in crusted scabies may eventually lead to acquired resistance as 

with lindane. To date, no documented cases of permethrin resistance has been 

published. In a recent study by Walton and colleagues, in vitro testing of survival 

rates of S. scabiei var. hominis in various acaricides showed that 5% permethrin had 

the slowest knockdown time, with 35% of mites surviving after 3 hours exposure 

and 4% surviving after 18-22 hours. No in vivo evidence of mite tolerance had been 

observed (Walton et al., 2000). 

In 1991, Taplin and colleagues documented a model of community control of 

scabies based on the use of permethrin cream. This program stemmed from the 

failure to control an 18 year epidemic of scabies in Panama using lindane or 

crotamiton. The prevalence of scabies fell from 33% to 1% in this program and 

was maintained below 1.5% over the next 3 years with continued surveillance. 

Community control programs have been developed in Aboriginal communities in 

the Northern Territory based on the model described by Taplin. These have 

achieved a similar success rate in reducing the prevalence of both scabies and 

pyoderma (Connors, 1994; Carapetis et al., 1997; Currie & Carapetis, 2000). 

6) Ivermectin is a chemically modified avermectin which has been used widely in 

veterinary medicine since 1981. It has been successfully used to treat 

onchocerciasis and strongyloides infections in animals (Patel et al., 1999), as well as 

sarcoptic mange (Meinking et al., 1995). The drug is administered orally and is 

absorbed into the blood and excreted almost entirely in the faeces. Ivermectin has 

been used in humans since the mid-1980s, becoming the drug of choice for human 

onchocerciasis. It is also effective against other major filarial parasites such as 
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Wuchereria bancrofti and Brugia rnalayi, as well as human stongyloidiasis, cutaneous 

larva migrans and the intestinal nematodes Ascaris lumbricoides and Enterobius 

vermicularis (Ottesen & Campbell, 1994). In the 1990s, the efficacy of ivermectin 

in the oral treatment of both uncomplicated and crusted scabies was reported by a 

number of authors (Glaziou et al., 1993; Currie et al., 1995; Currie et al., 1997; 

Diazgranados, 1997; Huffam et al., 1997a; Reintjes & Hoek, 1997; Patel et al., 

1999). 

Barkwell and Shields (1997) reported an association between the use of ivermectin 

and increased toxicity in elderly patients. This is the only report of fatalities. 

Most authors describe a low frequency of adverse effects despite extensive use over 

several months or years (Diazgranados, 1997; Reintjes & Hoek, 1997). 

1.7.2 Treatment of crusted scabies 

The standard treatment for crusted scabies is a combination of systemic and topical 

therapies. Topical keratolytic agents such as 10% urea plus 5% lactic acid, or 6% 

salicylic acid may be required to promote crust removal and better penetration of 

treatments (Kolar & Rapini, 1991; Bitman & Rabinowitz, 1998; Mathisen, 1998). A 

single oral dose of ivermectin (200ig/kg) is often adequate (Currie et al., 1997; Meinking 

et al., 1995). Multiple doses and repeated applications of scabicides are mostly necessary 

for effective therapy (Currie et al., 1997; Bitman & Rabinowitz, 1998; Gach & 

Heagerty, 2000). Currie and colleagues (1997) reported the administration of 11 doses 

of ivermectin over a 17 month period in a 44 year old man and 9 doses over 24 months 

in a 27 year old woman. To date, the greatest number of doses given to a single patient 

with recurrent crusted scabies is 72 (Currie, personal communication). 

Most reports on ivermectin treatment of crusted scabies are restricted to adult patients. 

However Patel (1999) describes the successful eradication of infestation in two children 

(4 and 12 years old) with a single dose of 2001g/kg of ivermectin with no side-effects. 

Other treatments include lindane (gamma benzene hexachloride), benzyl benzoate and 

permethrin. However the majority have proven to be toxic or ineffective. Resistance 

to lindane in the treatment of crusted scabies has been documented (Taplin, 1983; Purvis 

& Tyring, 1991) and there is concern among doctors and health workers that the need 

for multiple doses of ivermectin may result in the emergence of parasite resistance 

(Currie et al., 1997). In vivo and in vitro mite resistance to ivermectin has been 
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demonstrated in two cases at the Royal Darwin Hospital and Menzies School of Health 

Research (Currie and Walton, personal communication). 

Staphylococcus aureus colonisation of scabietic burrows is a common observation in 

crusted scabies patients and intense colonisation may predispose such individuals to 

bacteremia and associated sepsis which may be fatal (Shelley et al., 1988; Bonomo et al., 

1998; Mathisen, 1998). Acute glomerulonephritis resulting from streptococcal skin 

infections have been reported in crusted scabies patients (Woltman, 1993; Woltman, 

1994). A course of systemic antibiotics is recommended to treat local bacterial infection 

in crusted scabies patients and minimise the risk of sepsis (Mathisen, 1998). 

In addition to medication, patients need to be isolated and other control measures 

implemented such as disinfestation of the surroundings and treatment of family members 

and close contacts (Carsiaw et al., 1975; Juranek et al., 1985; Huffam et al., 1997a; 

Huffam et al., 1997b; Gach & Heagerty, 2000). Hyperkeratotic subungual areas may act 

as a reservoir for mites and if left untreated will act as a source for reinfestation. 

Schirren (1970) described the necessity of removal of all the toenails before a complete 

and lasting cure could be achieved. 

1.7.3 Post-treatment management 

Successful treatment of scabies is indicated by the absence of live mites. Mellanby states 

that even if one live mite is left 24 hours after treatment, recurrence of disease is likely 

(Mellanby et al., 1942b). Absence of itching should not be taken as evidence of a cure 

(Percival, 1942). The administration of anti-histamines or the application of an 

emulsifying agent may be helpful in reducing symptoms of pruritus which persists after a 

cure (Hurwitz, 1985; Kolar & Rapini, 1991; Lane, 1990; Orkin & Maibach, 1985b). 

Failure to comply with treatment protocols, misapplication of treatment and contact 

with asymptomatic carriers are all factors which contribute to reinfestation (Orkin & 

Maibach, 1985a; Meinking, 1986; Parish & Schwartznian, 1993). It is therefore 

standard practice that all primary and secondary contacts are treated concomitantly with 

the infested patient, especially in the case of crusted scabies patients (Juranek et al., 

1985; Linn-Holness et al., 1992). 

In community control programs, compliance to treatment should be monitored and 

environmental measures such as laundering of clothes, general cleaning and airing of 

bedding should be encouraged (Carapetis et al., 1997). Preventative measures are 
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important to avoid reinfestation. Health education of residents as well as medical staff 

to increase awareness of scabies would be of enormous benefit to the program (Reid & 
Thorne, 1990; Hegazy et al., 1999). 

1.8 HOUSE DUST MITES 

The house dust allergen was discovered some 80 years ago, however it wasn't until the 

1960s that Voorhorst et al. recognised house dust mites as the primary source of these 
allergens (Voorhorst et al., 1964; Voorhorst et al., 1967). This marked an important 
event in the history of allergic disease which led to investigations on the species of mites 

present in house dust and their role in the causation of allergic reactions such as asthma, 

perennial rhinitis and atopic dermatitis (Hewitt et al., 1973; Platts-Mills & Chapman, 
1987; Arlian & Platts-Mills, 2001). 

The mites commonly referred to as house dust mites belong to the family Pyrogliphidae. 
These include Dermatophagoides pteronyssinus, Dermatophagoides farinae and 
Euroglyphus maynei (Platts-Mills, 1993). In 1967, Spieksma and Spieksma-Boezeman 
published results of a study on the mite fauna of house dust in which they showed that 

the dominant mite species present in dust collected from 150 homes in the Netherlands 
wasD. pteronyssinus (87.6%), followed byE. maynei (11.2%), then D. farinae (1.2%). 
These mites have been found to dominate in house dust collected from other countries 
throughout the world (Voorhorst et al., 1967; Pepys et al., 1968). Other mites that 
inhabit houses include the storage mites Acarus siro, Tyrophagus putrescentiae, 
Glycyphagus domesticus, Lepidoglyphus destructor and in tropical countries, Blomia 
tropicalis (van Hage-Hamsten et al., 1992; Arlian et al., 1993; Platts-Mills, 1993). 

1.8.1 Biology 

The five developmental stages of D. pteronyssinus, D. farinae and E. maynei is similar 
to that of S. scabiei and consists of egg, larva, protonymph, tritonymph and adult (male 

or female). The duration of development through these stages and the lifespan of the 

adult mite is largely dependent on temperature and relative humidity (r.h.) (Spieksma, 

1997). House dust mites reproduce sexually and mating may take place immediately 
following moulting of tritonymphs. At 23°C and 75% r.h., D. pteronyssinus and D. 
farinae female mites have been observed to lay 2-3 eggs a day over a period of 26-3 4 

days (Arlian & Platts-Mills, 2001). House dust mites grow best in conditions of 
approximately 25°C and 55-75% r.h. Growth rates decline as temperatures drop below 
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16°C or exceed 35°C and when humidity levels fall outside the above range. Water 

vapour in the atmosphere is important as 70-75% of the house dust mite body weight is 

comprised of water and mites do not possess a mechanism for drinking water (Arlian & 

Platts-Mills, 2001). Instead, they maintain their water balance by absorbing moisture 

through a hygroscopic substance excreted from the supracoxal glands situated at the base 

of the first pair of legs (Spieksma, 1997). House dust mites live primarily on skin scales 

and/or fungi growing on skin scales (1988). The presence of fungi is thought to be an 

important factor in the development of house dust mites. The population growth of 

both D. pteronyssinus and D. farinae have been found to increase most dramatically in 

the presence of Aspergillus anistelodaini and Aspergillus niger, respectively (Lessof et 
al., 1987). 

1.8.2 House dust mite allergens 

The primary sources of mite allergens are the mite bodies and faecal particles. Faecal 

particles are composed of partially digested food and digestive enzymes originating from 

the mite's intestinal tract. In the 1960s Voorhorst and colleagues conducted 

investigations into the sources of house dust allergens. They found a positive correlation 

between the number of Dermatophago ides mites and allergen content in house dust and 

observed that excretory or secretory products of the mites contained the allergens 

(Voorhorst et al., 1964; Voorhorst et al., 1967). Tovey et al. (1981) reported that 

faecal pellets are a major source of house dust allergens, contributing to >95% of 

allergens in mite cultures. Other possible sources of allergens which have been suggested 

include enzymes in the mite saliva, enzymes associate with the mite's moulting process 

and secretions from the supracoxal glands for water uptake (Arlian & Platts-Mills, 

2001). 

The development of methods for large-scale cultures of house dust mites and the 

introduction of molecular cloning techniques led to the identification and purification of 

a number of major mite antigens. Major allergens are a group of allergens which exhibit 

strong binding to serum IgE in significant proportion of patients sensitive to house dust 

(Dale & Landmark, 1984; Morgan et al., 1997a). House dust mite allergens are grouped 

according to their physicochemical, immunological and biochemical properties and 

groups are designated a number based on the order in which they were isolated. Allergens 

from different species within each group display amino acid sequence homology (Platts-

Mills & Chapman, 1987). Over 14 groups of mite allergens have been cloned from 

Dermatophagoides spp. to-date. Homologous allergens from other mites such as E. 
maynei, L. destructor and B. tropicalis have also been identified. Perhaps the most 
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dominant and thus most extensively studied of these are the groups 1 and 2 allergens. A 
summary of the properties of these allergens are given below. 

1.8.2.1 Group 1 allergens 

Group 1 allergens are glycoproteins with a molecular weight (MW) of approximately 

25kDa. They are found in the mite bodies and faecal material in very high 
concentrations as they are secreted by cells which line the intestinal tract of the mite 

(Tovey et al., 1981; Thompson & Carswell, 1988; Tovey & Baldo, 1990; Stewart, 
1995). Group 1 allergens are cysteine proteases, displaying homology with the 
proteolytic enzymes cathepsins B and H in mammals, as well as actinidin and papain in 
plants (Stewart, 1995). 

The first major allergen purified was named Dermatophagoides pteronyssinus antigen P 1 
(Der p I; Chapman & Platts-Mills, 1980). It is a highly water-soluble protein 
(Thompson & Carswell, 1988). Tovey et al. (1981) showed that approximately 75% of 
serum IgE antibodies in mite-sensitive adults were directed against Derp I. The gene was 
cloned and its full sequence determined by Thomas and colleagues (1988) who 
subsequently identified its homology with cysteine proteases from plants and mammals 
(Chua et al., 1988). It was later localised in the gastrointestinal tract of the mite by 
Tovey and Baldo (1990) whose findings were confirmed by Thomas and colleagues 
(1991). Derp I binds both IgE and IgG in sera from allergic individuals (Greene et al., 
1991; Greene & Thomas, 1992). It is a potent inducer of IgE and the mechanism 

believed to be responsible for this is its ability to cleave both CD23, an IgE surface 

receptor of human B cells, and CD25, a subunit of the IL-2 receptor of T cells (Shakib et 
al., 1998). 

Generally, group 1 allergens have very similar N-terminal regions which display 8 1-84% 
sequence identities. Derfl from D. farinae exhibits 8 1 % sequence identity with Der p I 
(Dilworth et al., 1991). Structural studies of both Der p I and Der f I identified both 
cross-reacting and species-specific epitopes on these allergens (Heymann et al., 1986; 
Chapman et al., 1987). The group I allergen from E. Fnaynei (Eur m I) was purified by 
affinity chromatography using monoclonal antibodies to Der p I. Sequence analysis 
revealed 85% amino acid identity with the Derp I clone (Kent et al., 1992). 

1.8.2.2 Group 2 allergens 

Group 2 allergens are non-glycosylated proteins with a MW of approximately I 4kDa. 
They are relatively stable to heat and extreme pH. They show extremely high sequence 
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homology (90%), appear to be structural homologues and are strongly cross-reacting. 

Like the group 1 allergens, most mite-allergic individuals respond to these allergens 

(Chua et al., 1990a; Chua et al., 1990b; Stewart, 1995). The function of group 2 

allergens remains unknown as analysis of their amino acid sequence was unsuccessful in 

demonstrating homology with other known proteins. However, the allergens do share 

some physicochemical and biochemical properties with lysozymes, which are involved in 

food digestion or protection against bacteria (Stewart et al., 1992). 

Der p  2, initially named DpX (Lind, 1985), shares 88% sequence identity with Der j'  2 
but only 40% with the L. destructor homologue. A monoclonal antibody 1D8 which 
recognises Derp 2 but not Derf2 was shown to bind Eur rn 2 in the E. maynei extract 
(Morgan et al., 1997a). 

1.8.2.3 Other allergens 

Other house dust mite allergens include the group 3 trypsin-like enzymes (MW30kDa), 

group 4 amylases (MW60kDa), group 6 chymotrypsins (MW-'25kDa), group 8 
glutathione transferases (MW26kDa), group 9 serine proteases (MW'30kDa), group 10 

tropomyosins (MW'-iOOkDa) and the recently-identified high molecular weight 

apolipophorin-like group 14 allergens (Epton et al., 1999). The functions of groups 5, 7 
and 11 have not been deduced (Stewart, 1995; Thomas et al., 1997). As with groups 1 
and 2, approximately 80-100% of mite-allergic patients have IgE directed at groups 3, 9 

and 10 allergens, while only 40-50% of these patients show an IgE response to groups 4-
8 allergens (Thomas et al., 1997). 

A new group of allergens have been isolated from a D. farinae cDNA library by Aki and 
colleagues which they named the Mag allergens (Aki et al., 1994a; Aki et al., 1994b; Aki 
et al., 1994c; Fujikawa et al., 1996). Mag I (39kDa) and Mag 3 (42kDa) were studied 
independently. Both reacted with IgE in sera of mite-allergic patients. Antibodies raised 

against the recombinant Mag 3 bound to a 177kDa natural antigen in a mite body extract 

which was subsequently found to be located in the circumferential tissues of the mite's 

internal organs and not coexisting with other mite digestive enzymes (Fujikawa et al., 
1996). The binding frequency and capacity of human IgE to the natural Mag 3 antigen 
(M-177) was similar to that for Derf2. Epton and colleagues (1999) later sequenced the 
full-length E. maynei and partial D. pteronyssinus homologues of the M-177 allergen. 
Results of sequence analyses led them to conclude that both Mag 1 and Mag 3 were 

derived from the same mRNA transcript. Following further characterisation of these 
allergens, they were classified as a new group of house dust mite allergens, the 
apolipophorin-like group 14 allergens (Epton et al., 2001). These are hydrophobic 
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haemolymph proteins associated with lipid transport in mite bodies (Soulages & Wells, 
1996). 

1.8.3 Allergic reactions to house dust mite allergens 

Even before the identification of allergens in house dust extracts, these mites were 

believed to be primarily responsible for allergic diseases such as perennial rhinitis, atopic 

dermatitis and in particular, asthma (Hewitt et al., 1973; Platts-Mills & Chapman, 
1987). The relationship between the occurrence of D. pteronyssinus and the allergenic 
potency of house dust was established by skin reactions to extracts of house dust 
containing these mite species (Brown & Filer, 1968; Maunsell et aL, 1968; Pepys et al., 
1968; Morrison-Smith et al., 1969; Spieksma & Voorhorst, 1969). Maunsell and 
colleagues (1968) found that an extract of D. pteronyssinus generated a positive skin 
reaction in 94% of house dust mite-sensitive patients with bronchial asthma, a much 

higher rate than that obtained from extracts of other mite species. Voorhorst et al. 
(1967) found that extracts of D. pteronyssinus mite cultures were very potent, giving 
strong positive reactions in mite-sensitive individuals even at dilutions of 0.000001. In 

addition, the results of skin reactions to the house dust extract and the mite cultures were 
comparable. 

The mites and in particular their faeces, are the major source of inhalant allergens 
(Cunnington & Gregory, 1968; Tovey et al., 1981; Platts-Mills, 1993). Smaller mites, 
fragmented mite bodies and faecal material may become temporarily airborne during 

cleaning and bedmaking. Dead mites have been found to be a potent source of allergens, 
often much more than live mites (Hewitt et al., 1973). Antibody responses to mite 
allergens in allergic individuals is similar to that for purified pollen allergens in both 

serum and nasal secretions and includes IgE, IgG and IgA (Platts-Mills & Chapman, 
1987; Greene et al., 1991). Strong IgE binding to the cloned allergens have been studied 

extensively and has been demonstrated in mite-allergic subjects as described earlier. IgE 

antibody responses are believed to be T cell dependent. A number of studies have 

investigated T cell and B cell responses to mite allergens as targets for antigen 
immunotherapy (Stewart, 1995; Fujii et al., 1997; Marshall & Davis., 1997; Takai et al., 
1997). Recombinant allergens present a safer and more effective alternative to allergen 
extracts used in conventional immunotherapy protocols. 
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1.8.3.1 Control measures 

Environmental control measures for house dust mites in asthma management include 1) 

mechanical removal of mites by vacuuming of floors, curtains, toys and household 

furniture which may harbour mites; 2) covering mattresses, pillows and lounges with 

material that is impermeable to mites and dust particles; 3) maintaining a relative 

humidity of less than 50% in homes; 4) temperature treatment by either freezing smaller 

objects (<-20°C) or by heating at above 55°C for an extended period of time; 5) 

chemical control using acaricides such as pirimiphos methyl, natamycin (antifungal 

agent), benzyl benzoate or pyrethroids. However many of these will not be effective for 

the removal of allergens (van Bronswijk & Sinha, 1971; Lessof et al., 1987; Platts-Mills 

& Chapman, 1987; 1988; Spieksma, 1997). 

1.8.4 Possible relationship of scabies infestation to asthma 
resistance 

Immunological cross-reactivity between S. scabiei and Dermatophago ides spp. have 

been discussed earlier (section 1.4.4) and serum IgE antibodies to D. pteronyssinus have 

been shown to decline following treatment for scabies (Falk, 1981). The prevalence of 

asthma in Australian Aborigines living in rural communities who are at high risk of 

scabies is low in comparison with individuals living in urban areas (Lesnikowski & 

Whybourne, 1993; Veale et al., 1996). An inverse relation between parasite infestations 

and the incidence of asthma has been reported in other parts of the world (1976). It is 

possible that antibodies raised against S. scab iei may play a part in protecting against 

hypersensitivity to house dust mite allergens and thus the development of asthma in 

these individuals. 

1.9 VACCINE DEVELOPMENT 

Both naturally acquired immunity and induced immunity have been the subject of 

investigations focussed on vaccine development against the cattle tick Boophilus 

microp!us. The need for the development of an alternative method of tick control 

became evident with the emergence of acaricide resistance (Allen & Humphreys, 1979; 

Wikel et al., 1987). Laboratory investigations of acquired immunity to ticks and 

subsequent vaccination studies were first attempted in the 1930s (Willadsen, 1980). 

Salivary secretions are the primary source of antigens delivered by a parasite to the host, 

hence naturally acquired immunity to tick antigens have been developed primarily 
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against salivary antigens (Kaufman, 1989). While mechanisms of acquired tick 

resistance are not fully understood, evidence suggests that infested hosts mount a 

protective immune response to some salivary antigens (Brown, 1985; den Hollander & 

Allen, 1986; Allen, 1994). The immunity resulting from repeated exposure to ticks is 

inadequate however, as it produces cutaneous hypersensitivity reactions at the site of 

tick attachment upon subsequent reinfestations resulting in skin damage and the possible 

development of secondary infections. Artificial induction with tick salivary antigens did 

not reach the level of resistance achieved with repeated infestations (Allen, 1994; Allen 

& Humphreys, 1979; Brown, 1985; den Hollander & Allen, 1986). 

Galun (1978) proposed an alternative approach through vaccination with internal 

antigens such as regulatory hormones in the tick's haemolymph. Antibodies raised in 

the immunised host would be ingested during tick feeding and pass through the tick's gut 

to neutralise these hormones, thus inhibiting further development. Antigens of this 

nature are not exposed to the host during normal tick feeding activities and are described 

as 'concealed' or 'hidden' antigens. Success in vaccinations with 'concealed' antigens is 

believed to have stemmed from the failure of parasites to develop immune evasion 

mechanisms against these antigens which are commonly demonstrated against other 

parasitic antigens (Willadsen & Kemp, 1988). 

Gut antigens are another group of 'concealed' antigens which have generated significant 

interest among vaccine researchers in recent years. In 1979 Allen and Humphreys 

immunised guinea pigs and cattle with crude antigenic extracts prepared from the midgut 

and reproductive organs of Dermacentor andersoni. This resulted in partial protection 

through significant reduction in the egg-laying capacity of ticks. Almost a decade later, 

Johnston et al. (1986) demonstrated a high degree (65-80%) of protection against B. 

microplus in cattle vaccinated with antigens from the tick gut. Higher rates of 

protection (87%) were reported by Opdebeeck et al. (1988) in vaccinated calves. 

Bovine antibodies directed at the gut resulted in damage to the gut wall followed by 

leakage of bovine erythrocytes into the haemolymph, giving the damaged ticks a red 

appearance (Agbede & Kemp, 1986; Rand et al., 1989). In addition, female ticks 

demonstrated reduced engorgement weights and impaired egg-laying ability, while overall 

approximately 90% of ticks failed to survive to adulthood (Rand et al., 1989; Willadsen 
et al., 1989). 

Immunity induced by vaccination differs from naturally acquired immunity in that the 

former is directed at adult life stages of ticks whilst the latter is directed at larval stages 

(Kemp et al., 1986; Willadsen et al., 1988). Vaccination had no effect on larvae other 

than a 12-hour delay in moulting. In addition, the hypersensitivity observed at the tick 
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attachment site upon subsequent infestations in naturally infested animals was not seen 

in vaccinated cattle (Kemp et al., 1986). 

These studies led to the development and commercialisation of the first ectoparasite 

vaccine, TickGARDTM, against the cattle tick B. microplus (Willadsen et al., 1995). 

The vaccine was developed in Australia against the Bm86 antigen, an 86kDa membrane-

bound glycoprotein located on the surface of digest cells of the tick gut (Gough & Kemp, 

1993). Bm86 is also the sole antigen component of GAVACTM  Plus, a vaccine available 

in Cuba (Willadsen & Jongejan, 1999). The antigen has been expressed in a variety of 

systems in different recombinant forms. Vaccination studies with these variants have all 

proved effective against ticks of different species (Willadsen et al., 1995; Willadsen & 

Jongejan, 1999). The vaccine provides almost 100% cross-protection against Boophilus 

annulatus (Willadsen & Jongejan, 1999). 

A major drawback of vaccinations against concealed antigens is the waning of specific 

antibody titers and hence the need for booster vaccinations to sustain antibody levels for 

tick control (Andrews et al., 1997; Opdebeeck et al., 1988). Opdebeeck et al. (1988) 

observed a 36% protection in immunised cattle 7 months after administration of the 

vaccine compared to the 87% observed initially. 

Riding et al. (1994) reported the identification of Bm91, another concealed antigen of 

B. inicroplus. It is a glycosylated protein with a molecular weight of 86kDa and is 

present in the salivary gland and gut of ticks. It is not however related to Bm86 and 

does not exhibit cross-reactivity. The efficacy of Bm91 is less than that of Bm86, 

however when recombinant Bm91 is administered with the Bm86 antigen it has been 

shown to enhance the efficacy of vaccination over that with Bm86 alone (Willadsen et 
al., 1996). 

'Concealed' antigens have been the basis of vaccines developed for other parasites. One 

example is the gut membrane antigen HI 1 of the nematode Haemonchus contortus. 

Sheep immunised with Hi 1 demonstrated high levels of protection with significantly 

reduced challenge worm burdens (72%) and faecal egg counts (93%) (Munn et al., 1993; 
Newton, 1995; Smith et al., 1994). Immunisation with the antigen also conferred 

protection against multiply drug-resistant and geographically distant strains of H. 
contortus (Newton et al., 1995). In another example, a 48kDa gut peritrophic 

membrane antigen of Luci!ia cuprina larvae, PM44, has been demonstrated to induce up 

to 60% protection in vaccinated sheep via retardation of larval growth and in some cases 

increased larval mortality (East & Eisemann, 1993; East et al., 1993; Willadsen et al., 
1993; Elvin et al., 1996). 
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While a number of highly effective vaccines against parasites of veterinary importance 
have been developed, there are no vaccines available against parasites of man to date 
(Vercruysse et al., 2001). 

1.10 RECOMBINANT DNA TECHNOLOGY APPLICATIONS IN THIS 
STUDY 

Over the years, powerful methodologies for cloning and sequencing of DNA have 
emerged. Techniques such as mammalian cell culture, transformations, oligonucleotide 
synthesis, enzymatic reactions and most importantly PCR, have opened up limitless 
possibilities in the field of molecular biology, making it possible to synthesise and clone 
complementary DNA (cDNA) from low abundance mRNAs. One of the major 
applications of cloning is the isolation of specific genes from the genome of an 
organism. A major obstacle of this approach is the low level presentation of the single 
genes within the genome, usually representing only a small fraction of total cellular 
DNA. Messenger RNA represents expressed gene sequences within a cell. Neither 
introns nor upstream promoters are present (Brown, 1991). For this reason, cDNA 
libraries generated from mRNA are often much smaller than genomic libraries which may 
contain an enormous number of clones to represent the whole genome. Another 
consideration which must be made when working with mRNA is that protein expression 
varies in different tissues, therefore when the gene of interest is known it is often 
advantageous to work with mRNA from a source which expresses high levels of the 
protein. 

cDNA libraries are now widely used in the field of parasitology as a means for isolating 
and characterising antigenic proteins. It has been described in studies involving several 
parasites including the sheep scab mite Psoroptes ovis (Lee et al., 1999), cattle tick 
Boophilus microplus (Rand et al., 1989), Schistosoma spp. (Simpson & Knight, 1986; 
Scott & McManus, 1999, Onchocerca volvulus (Unnasch et al., 1988; Lizotte-
Waniewski et al., 2000), Leishmania spp. (Kidane et al., 1989; Melby et al., 2000) and 
the house dust mites D. pteronyssinus (Chua et al., 1990b; Greene et al., 1991; Chua et 
al., 1993), D. ,farinae (Dilworth et al., 1991; Aki et al., 1994c; Fujikawa et al., 1996) 
and E. maynei (Epton et al., 1999). 

Very recently, Mattsson et a! .(2001) published work on the construction of an S. 
scabiei cDNA expression library prepared from mRNA isolated from red foxes. 
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However their data was only published after the practical work for this project had been 

completed and this Thesis was at an advanced stage of writing. 

1.11 AIMS OF THIS STUDY 

An understanding of the immune response mechanisms to scabies mites in naïve, 

sensitised and non-immune hosts is essential for the understanding of the pathogenesis of 

the disease. The inability to culture S. scabiei var. hominis in vitro and the difficulty in 

obtaining large numbers of mites presents a huge obstacle in the progress of work in this 

area. Emergence of acaricide toxicity and the development of mite tolerance to these 

agents is a growing concern among medical professionals. 

Virtually nothing is known about scabies antigens. Most studies reported to date have 

utilised antigen extracts prepared from whole mite bodies. Several studies have 

demonstrated the production of circulating antibodies to scabies antigens in infested 

hosts. However the antigens recognised by these antibodies have not been isolated or 

characterised and remain principally undefined. Immune-based resistance observed in 

challenged hosts raises the possibility that vaccination can be used to reduce transmission 

and improve the control of scabies in both human and non-human hosts. The isolation, 

purification and characterisation of scabies antigens through recombinant DNA methods 

will facilitate further studies towards the understanding of cell-mediated and humoral 

responses to infestation and the development of a future vaccine against scabies. This 

was the central aim of this Thesis. 

1.12 CONTRIBUTIONS TO THIS THESIS 

The work presented in this thesis was conducted largely by myself, except where the 

contributions of others have been acknowledged. Rabbit immunisation challenge trials 

described in Chapter 4 were conducted in collaboration with Prof. Larry Arlians group 

(Ohio, USA). The Scabies Gene Discovery Project (Chapter 5) was the direct result of 

initial studies described in Chapters 3 and 4. It was carried out at the Queensland 

Institute of Medical Research with the assistance of Dr. Katja Fischer and Dr. Deby Holt. 

Sequencing of clones generated in this project was performed primarily at the Australian 

Genome Research Facility in Brisbane. 
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Chapter 2 

Materials and Methods 

Media used in these methods are listed in Appendix A. Properties of host cells used in 
this study are provided in Appendix B. 

2.1. OLIGONUCLEOTIDES 

Oligonucleotides were synthesised by Beckman Pty. Ltd. (Australia) and Pacific Oligos 
(Australia). These are listed in Table 2.1. 

2.2. HARVESTING SCABIES MITES 

Ethics clearance for collection of skin samples containing mites was approved by the 
Top End Human Research Ethics Committee of the Royal Darwin Hospital and the 
Menzies School of Health Research as well as the Northern Territory University Human 
Ethics Committee. 

Live Sarcoptes scab iei mites of various life stages were harvested from skin scrapings 
and beddthg of crusted scabies patients admitted to the Royal Darwin Hospital, prior to 
treatment. Samples were transferred to a glass petri dish and warmed to 37°C for 30 
minutes on a heating block, to mobilise live mites and enable them to crawl out of the 
skin and attach to the base of the petri dish via their ambulacral suckers, before they 
were hand picked with a metal probe. Mites were visible at a magnification of x40 under 
a dissecting microscope. Several hundred mites were placed in an eppendorf tube 
containing 50jt1 of extraction buffer with guanidinium thiocyanate and N-lauroyl 
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sarcosine from a QuickPrep®  Micro mRNA Purification Kit (Amersham Pharmacia 

Biotech, Australia). Mites were homogenized with a microfuge tissue grinder (Kontes, 
catalogue no. 749540, Australia), centrifuged briefly and the supernatant stored at -70°C 
until required for mRNA extraction. 

2.3. IN VITRO CULTURE OF HEP-2 CELLS 

HEp-2 cells (CSL, Australia) were maintained in continuous in vitro culture as 
monolayers in RPM! 1640 medium (Gibco BRL, Australia) supplemented with 10% 
foetal calf serum (FCS; Gibco BRL), 10mM sodium bicarbonate and antibiotics (100 Jig/mI 
streptomycin sulphate; 20jig/ml vancomycin hydrochloride; Sigma-Aldrich Pty. Ltd.). 
Cells were incubated in 25cm2  tissue culture flasks (Nunc, Denmark) in an atmosphere of 
5% CO2  at 370C and growth monitored daily by viewing cells under a light microscope. 
Once a confluence of 85-100% was reached the cells were detached from the flasks using 
a trypsin-versene (0.05% trypsin; 0.02% EDTA) solution in PBS for further passaging 
or mRNA extraction (section 2.4.1). 

2.4. STANDARD DNA MANIPULATIONS 

Standard DNA methods such as plasmid purifications, restriction enzyme digestions, 
DNA ligations, phenol/chloroform extractions, phosphorylation and dephosphorylations 
were carried out as described in Sambrook et al. (1989) or according to the 
manufacturer's instructions. 

Common enzymes used in this project were supplied by Amersham Pharmacia Biotech 
(Australia) and Boehringer Mannheim (Germany). All chemicals used were supplied by 
Ajax Chemicals (Australia), BDH Chemicals (Australia) or Sigma Chemicals Co. (USA) 
unless otherwise stated. 

Large scale production of pGEX-4T-2 was carried out by DNA binding to positively 
charged diethylaminoethanol groups of the QIAGEN anion-exchange resin in a QIAGEN 
Plasmid Mega Kit (QIAGEN, Australia). Purification of the plasmid for application in 
cloning was carried out with a continuous CsCl gradient (Sambrook et al., 1989). DNA 
samples were dialyzed in collodion bags (Sartorius, Germany), overnight at 4°C in 0. 1X 
TE (10mM Tris; 1mM EDTA; pH 8.0). Mini plasmid preps of recombinant clones to be 
sequenced were prepared by alkaline lysis using the Quantum Prep-Plasmid Miniprep Kit 
(Bio-Rad, Australia). 
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Sterile Milli-Q (0.22tm) water was used to prepare all solutions and in all reactions not 

involving mRNA. In the latter, diethylpyrocarbonate (DEPC)-treated water (free of 

contaminating RNase) was used. 

2.5. MOLECULAR METHODS 

2.5.1. Messenger RNA (mRNA) Extraction 

Isolation of mRNA with guanidinium thiocyanate (Chirgwin et al., 1979; Sambrook et 

al., 1989) and N-lauroyl sarcosine and its subsequent purification by binding to oligo dT-

Cellulose followed by sequential washes in decreasing concentrations of salt (0.5M down 

to O.IM NaCl in 10mM Tris-HCl, pH 7.5; 1mM EDTA) was carried out using a 

QuickPrep®  Micro mRNA Purification Kit (Amersham Pharmacia Biotech), according to 

the manufacturer's instructions. The concentration of guanidinium thiocyanate in the 

extraction buffer has been adjusted to allow the efficient hydrogen-bonding between the 

polyA tail on the mRNA molecules and the oligo dT attached to the cellulose. It is also 

in a high enough concentration to inhibit any RNase activity whilst causing some 

proteins to precipitate, thus giving initial purification. Finally, the poly-adenylated 

material was eluted with pre-warmed (65°C) TE (10Mm Tris-Cl; 1mM EDTA; pH 7.5) 

and precipitated with ethanol. After ethanol precipitation of mRNA samples, the pellet 

was resuspended in 30tl of DEPC-treated water, visualised by agarose gel electrophoresis 

under denaturing conditions (Goda & Minton, 1995; section 2.4.4) and stored at -70°C 
until required for cDNA synthesis. 
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Oligonucleotide Base sequence (5'-3') Description 
primer  
TPFS-1 AACTGGAAGAATTCGCGGCCGCAGG Oligo dT primers used in first 

strand cDNA synthesis 
PH002 CGCGGCCGCTTATTAACCCTCACTAAA Anchor molecule used in first 

strand cDNA synthesis 
PHO13 CCCCCCCCCCCCCCCX Complement to g-tail used in PCR 

where X = A, G or T of first strand cDNA 
PH008 CATGGAGAAAATCTGGCACC Forward primer for 13-actin 

control PCR 
PH009 GGTGACOCCGTCACCG Reverse primer for 3-actin control 

PCR 
PHO14 CTTCAGGGAGAGOGCGTGCG Forward primer for histidyl t- 

__________________  RNA synthetase control PCR 
PHO15 TCATCAGGACCCAGCTGTGC Reverse primer for histidyl t-RNA 

control PCR 
dG polyT TTTTTTTTTTTTTTTTTTTTTTTTTX Oligo dT primer used in PCR of 

where X = A, G or C first strand cDNA 
dN10  polyT TTTTTTTTTTTTTTTTTTTTXNNNNNN Random primer used in PCR of 

NNNN first strand cDNA 
where X = A, G, or C 
N = A, G, C, or T 

PH021 CGTGGATCCCCAGGAATTC Complement to PH019/020 linker 
used in PCR of first strand cDNA 

Oligo dT linker- (GA) 10ACTAGTCTCGAG (T) 18 Oligo dT primer used in ZAP 
primer  Express cDNA Synthesis Kit 

Vector primers 
pGEXf GGGCTGGCAAGCCACGTTTGGTG pGEX forward primer 
pGEXr CCGGGAGCTGCATGTGTCAGAGG pGEX reverse primer 
M13f GTTTTCCCAGTCACGAC PGEM-T Easy forward primer (5' 

end) 
M13r CAGGAAACAGCTATGAC PGEM-T Easy reverse primer (3' 

end) 

Linkers and adapters (double stranded) 
PHO19/020 linker 5' —CGTGGATCCCCAGGAATTCCCGGG Linker used in anchored-cDNA J 3' - GCACCTAGGGGTCCTTGGGCCC synthesis method. 
EcoR I adapter 5' - TTCGGCACGAGG —3' Adapter used in ZAP Express 1 ' GCCGTGCTCC 5' cDNA Synthesis Kit 

Table 2.1 Oligonucleotide primers, linkers and adapters used in cDNA library 
construction and subsequent PCR analysis. 
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2.5.2. Construction of a PCR-amplified mite cDNA library 

2.5.2.1. Anchored cDNA 

The method developed by Trout et al. (1992) was applied with the following 
modifications. First strand cDNA was synthesised with a T-Primed First-Strand 
Synthesis Kit (Amersham Pharmacia Biotech) according to the manufacturer's 
instructions. Essentially, DEPC-treated water was added to a minimum of lOng of 
mRNA in an RNase-free thin wall PCR tube to a final volume of 33ji1 and heated at 650C 
for 5 minutes. The RNA solution was transferred to a 37°C water bath then incubated 
for a further 5 minutes. A separate tube containing the First-Strand Reaction Mix 
(dATP, dCTP, dGTP, dTTP, FPLCpure®  Murine Reverse Transcriptase; RNA guard; 
RNase/DNase-Free BSA; NotI-dT18  primer; supplied with kit - concentrations 
unspecified) was concomitantly incubated at 37°C for 5 minutes. The RNA solution was 
then added to the First-Strand Reaction Mix and the sample incubated for another 5 
minutes at 3 7°C. Contents of the tube were mixed by gently vortexing, then centrifuged 
briefly and the reaction allowed to proceed for another hour at 37°C. This was followed 
by alkali hydrolysis of residual mRNA by boiling in an equal volume of 150mM NaOH 
for 5 minutes then neutralising with HCI to a pH of 7.0. Samples were stored at -20°C 
until required for subsequent manipulation. The anchor oligonucleotide (P1-1002) was 5' 
phosphorylated with T4 polynucleotide kinase and 3' end blocked with y33P-ddATP 
(Geneworks Pty. Ltd., Australia) using calf thymus deoxynucleotidyl transferase (TdT) 
as described in Sambrook et al. (1989). Ligation of the anchor molecule to the first 
strand cDNA was carried out at 370C for 20 minutes with T4 RNA ligase followed by 
heat inactivation of the enzyme. Ligation products were electrophoresed on a 6% 
polyacrylamide gel under denaturing conditions, dried and exposed to x-ray film. 
Alternatively, PCRs with primers specific for the anchor molecule (PHO02R) and a 
human 13-actin gene (PHOO8 or PHO09) were performed on these products. 

2.5.2.2. G-tailed cDNA 

The second method used was described by Gubler and Hoffman (1983) and Korneev et al. 
(1994). It was employed with the following modifications. A T-Primed First Strand 
Synthesis Kit was used to generate first strand cDNA followed by dephosphorylation of 
5'- phosphates in the cDNA-mRNA hybrids with 4 units of Shrimp Alkaline 
Phosphatase (SAP) at 37°C for 15 minutes. Upon completion of the reaction the 
enzyme was heat inactivated (650C; 15 minutes). G-tailing of the 3' end of cDNA 
molecules was performed by the addition of 10 units of TdT and 10mM dGTP and 
incubating at 37°C for 10 minutes. The reaction was terminated by heating at 90°C for 
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5 minutes. Messenger RNA-cDNA hybrids were denatured (90°C; 5 minutes) prior to 
PCR amplification with PHO13 and dG polyT primers. PCR products were treated with 
T4 DNA polymerase to create blunt ends, kinased, gel fractionated and cloned into a 
Smal digested, phosphatased pGEX-4T-2 vector. Clones were screened for inserts by 
PCR with pGEX forward and reverse primers (section 2.5.5) followed by agarose gel 
electrophoresis (section 2.5.6). 

A variation of this method was developed and employed. Basically, following first strand 
cDNA synthesis, the mRNA-cDNA hybrids were centrifuged through a SizeSep®  400 
Spun Column to remove excess primers and small molecules and select for hybrids larger 
than 400bp. G-tailing was carried out for 1 hour at 37°C and the enzyme heat 
inactivated. The oligonucleotides PHOI3 and dG polyT were kinased before addition to 
the PCR reaction mix. Double stranded cDNA products were end-polished and agarose 
gel fractionated to select for products larger than 300bp, then ligated to the 
phosphatased pGEX-4T-2 vector at the Smal restriction site. Clones were screened for 
inserts as above. 

2.5.2.3. Enzymatic cDNA synthesis 

This method was developed by Kemp (described in Wolfner, 1981). First strand cDNA 
synthesis was carried out in a 0.6m1 Thin Wall PCR Tube (Quality Scientific PlasticsTM, 
USA). Polyadenylated mRNA (0.2-0.8 jig) was added to a reaction mix of 50mM dG 
polyT or dN10  polyT oligo, 10mM Tris-HCI (pH 8.3), 8mM MgCl2, 8mM DTT, 
100mM KC1 and 0.5mM each of dATP, dGTP, dCTP and dTTP. The reaction mix was 
incubated at 65°C for 2 minutes, contents of the tube were centrifuged briefly and 3 units 
of Avian Myeloblastosis Virus (AMV) Reverse Transcriptase added, followed by a 2 hour 
incubation at 25°C. The total reaction volume was lOjil. The reaction was terminated 
by heating at 94°C for 1 minute. 

The second strand was synthesised by the addition of lOjil of 100mM HEPES (Gibco 

BRL, Australia)/KOH (pH 6.9), 200mM KCl, 200 jiM each of dATP, dGTP, dCTP and 
dTTP, and 8.5 units of E. coli DNA Polymerase I (Amersham Pharmacia Biotech) in 
DEPC-water. The reaction was allowed to proceed for 2 hours at 12-15°C. 

The hairpin loop formed at the 3' end of the first strand, linking it to the second strand, 
was cleaved by adding 70 units of Si Nuclease enzyme (Amersham Pharmacia Biotech; 
Vogt, 1980) in lx Si Nuclease Buffer (30mM sodium acetate, pH4.6; 280mM NaCI; 
1mM ZnSO4; supplied with the enzyme) and incubating at 37°C for 20 minutes. The 
reaction was terminated by the addition of 2ji1 of 0.48M potassium phosphate (pH 6.9), 
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and SI Nuclease activity destroyed by adding 10tl of 1M HEPES/KOH (pH 6.9) and 1pi 
of diethylpyrocarbonate (DEPC), followed by incubation at 37°C for 20 minutes. 

The incubation times had been monitored for maximum enzyme activity in original 
experiments with Drosophila salivary gland mRNA (Wolfner, 1981). 

The final volume of the reaction was brought up to 1001I with Ix T4 Polymerase Buffer 
(lx OPA, 0.25mM MgCl2, no dNTPs). The mixture was then spun through a SizeSep®  
400 Spun Column - Sepharose®  CL-413 (Amerham Pharmacia Biotech) which had been 
pre-equilibrated with 1/20x T4 Polymerase Buffer, according to the manufacturer's 
instructions. cDNA larger than 200bp in length was eluted off the column and ethanol 
precipitated in the presence of glycogen carrier (Ambion, USA). The cDNA pellet was 
resuspended in 18.5j.il  of Ix T4 Polymerase Buffer containing 2mM each of dATP, 
dGTP, dCTP and dTTP, and 11 units of T4 DNA Polymerase (l.SR!)  added. The 
mixture was incubated for 5 minutes at 3 7°C, followed by phenol/chloroform extraction 
and dialysis. 

Half of the blunt-ended double-stranded (ds) cDNA product (lOjil) was ligated to 10tM 
of PH019/020 linker (Table 2.1). The product was used directly in PCR amplification 

(section 2.5.5). On completion of the PCRs, Ijil of T4 DNA Polymerase was added to 
each reaction tube and incubated at 37°C for 5 minutes, samples were pooled and 
impurities removed by phenol/chloroform extraction and dialysis. The DNA was 
digested with EcoRI to generate 5' sticky-end and 3' blunt-end fragments which were 
fractionated on a 1.5% agarose gel and purified by binding to glass beads (Gene Clean Kit; 
BIO 101, Inc., USA) to select for products larger than 300bp. The ds cDNA was ligated 
overnight to a pGEX-4T-2 vector (Amersham Pharmacia Biotech) which had been 
digested with EcoRI and SinaI. Following phenol/chloroform extraction and dialysis, 
recombinants were electroporated into Epicurian Coil®  Electroporation-Competent 
SURE Cells (Stratagene, Australia; Appendix B) at settings of 1700V, 2000, and 25jiF, 
in a 0.1cm gap cuvette with a Bio-Rad Gene Pulser®  Transfection Apparatus. 
Transformants were plated out onto 2YT plates (Appendix A) containing 200jig/ml of 
ampicillin. Transformation efficiency fluctuated between different batches of ligations. 
Generally, between 3000-5000 clones were generated from a single electroporation. 
Copies of the library were prepared by lifting clones onto nitrocellulose filters 
(Schleicher and Schuell, Germany) under sterile conditions, grown on an agar plate 
supplemented with 15% glycerol for an additional 2 hours (colony side up) and then 
cryopreserved at —70°C. Further manipulations of the library are described in Chapter 3. 
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2.5.3. Construction of a bacteriophage cDNA library 

In a later part of the project, a phage cDNA library was constructed using the ZAP 

Express®  cDNA Synthesis Kit (Stratagene) in a 0.6m1 Thin Wall PCR Tube. This library 

was prepared by Dr. Katja Fischer (QIMR, Queensland). The cDNA library was prepared 

from the same source of mRNA as the PCR-amplified library described above, according 

to the manufacturer's instructions. Essentially, between 1.5pg-5.0jig of mRNA was 

primed with an oligo dT linker-primer containing a Xho I restriction site at the 5' end 

(Table 2.1). First-strand cDNA synthesis was carried out in a reaction mix containing 1 x 

first-strand buffer (supplied with kit), 2.8ig oligo dT linker-primer, 3ji1 first-strand 

methyl nucleotide mix (10mM dATP, dGTP, and dTTP plus 5mM 5-methyl dCTP), 40 

units of RNase Block Ribonuclease Inhibitor, 75 units of StrataScript RT (MMLV-RT 

with no RNase H activity), mRNA and DEPC-treated water, in a final volume of 5011! at 

42°C for 1 hour. The reaction was then cooled to 16°C before second-strand synthesis 

was initiated. 

The second strand was synthesised by the addition of lx second-strand buffer (supplied 

with kit), 6J1l of second-strand dNTP mixture (10mM dATP, dGTP and dTTP plus 

26mM dCTP), 3 units RNase H, 100 units DNA Polymerase I and DEPC-treated water 

in a final volume of 200ji1. The reaction was allowed to proceed at 16°C for 2.5 hours 

then immediately placed on ice. 

The double stranded cDNA was end-polished by incubating with 5 units of Pfu DNA 

polymerase and 0.25mM dNTPs at 72°C for 30 minutes followed by phenol-chloroform 

extraction and ethanol precipitation. EcoR I adapters were ligated to both ends of the 

hemimethylated full-length ds cDNA, then the ligation products phosphorylated before 

Xho I digestion of the 5' end of the molecules. The digested DNA was size fractionated 

over a Sepharose CL-213 gel filtration column and subsequently cloned unidirectionally 

into the ZAP Express vector. During size fractionation, the library was divided into 3 

aliquots (or sublibraries). These were named Yv4 (average cDNA size '1.6kb), Yv5 

(average cDNA size --1.1kb) and Yv6 (average cDNA size --800bp). Stratagene's 

Gigapack®  III Gold packaging extracts were used to package the ligated products into 

phage. Titering of the sublibraries was performed by serial dilutions of the packaged 

material in SM buffer (20jig/ml gelatin; 20mM Tris-Cl, Ph7.5; 10mM NaCl; 10mM 

MgSO4) followed by infection of 200111 competent XL1-Blue MRF' cells (Appendix B) 

for 15 minutes at 3 7°C. Approximately 3m1 of NZY top agar (48°C; Appendix A) 
supplemented with 2.5x10 3M IPTG and 4.2mglml X-gal (in dimethyl formamide) was 

added to the infected cells, mixed by inversion and immediately plated onto pre-warmed 

71 



Chapter 2 

NZY agar plates. The plates were incubated at 370C for 6-8 hours to allow plaques to 
grow to 1-2mm in diameter. The number of plaque forming units (pfu) per ml of 
packaged material was then calculated. 

2.5.3.1. Amplification of the phage cDNA library 

Amplification of the ZAP Express library was performed by combining —5xI 04  pfu of 
bacteriophage from the packaged mixture or library suspension (in SM buffer) with 600ji1 

of competent host cells (0D600=0.5). The sample was incubated for 15 minutes at 37°C 
in a Falcon 2059 polypropylene tube. Following incubations, 6.5m1 of molten NZY top 

agar was added to the reaction, mixed, plated onto pre-warmed NZY plates and incubated 
for up to 8 hours (370C). The plates were overlaid with approximately 8-10ml of SM 
buffer and left at 4°C overnight for phage diffusion into the buffer. The next day, the 
bacteriophage suspension was transferred to a falcon tube and the plates rinsed with 

another 2m] of SM buffer which was added to the original suspension. Chloroform was 

added to the phage suspension (5% w/v final concentration), mixed and left at room 

temperature for 15 minutes followed by centrifugation at 500xg for 10 minutes to 
remove cellular debris. The supernatant was collected and chloroform added to 0.3% w/v 
final concentration. The titer of the amplified library was checked as above. Aliquots of 
the amplified library were stored at —70°C in 7% w/v dimethyl sulfoxide (DMSO). 

2.5.3.2. Conversion into a phagemid library 

Inserts cloned into the ZAP Express vector was excised out of the phage in the form of 

the kanamycin-resistant pBK-CMV phagemid vector using the ExAssist helper phage 
and XLOLR strain of E. co/i (Appendix B). Briefly, separate overnight cultures of the 
XLI-Blue MRF' cells supplemented with 0.2% w/v maltose and 10mM MgSO4, and 
XLOLR cells in NZY broth were grown at 3 0°C. The following day, cells were pelleted 
by centrifugation (1000xg; 15 minutes) and resuspended in 10mM MgSO4  to an 0D600  of 
1.0 (approximately 8 x 108  cells/ml). The lambda bacteriophage library was added to the 
XLI-Blue MRF' cells at a ratio of 1:10 (lambda phage: cell) in a 50m1 Falcon tube, 

followed by addition of the ExAssist helper phage at a ratio of 10:1 (helper phage: cells). 
The mixture was incubated at 37°C for 15 minutes to allow absorption, then 20m1 of 

NZY broth was added and mass excision of cloned inserts by incubating for a further 2.5-
3 hours at 37°C. The reaction was stopped by heating the sample for 20 minutes at 65-
70°C. Cell debris was removed by centrifugation (1000xg; 15 minutes) and the 

supernatant containing the excised pBK-CMV phagemid vector (packaged as filamentous 
phage particles) stored at 4°C. An aliquot of the phagemid library was transformed into 
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XLOLR competent cells and plated onto 2YT agar containing 50jiglml kanamycin to 

select for pBK-CMV double-stranded phagemid vector with the cloned cDNA insert. 

2.5.4. Infection of E. coil with a bacteriophage genomic library 

The Xgtlo mite genomic DNA library used in screening experiments (section 2.5.12) to 

isolate clones corresponding to DNA probes was prepared by Dr. Shelley Walton for a 

separate project (1999). S. scabiei var. honiinis genomic DNA was digested with EcoRI 

and ligated into XgtlO (Promega, Australia), packaged and stored at 40C. 

A 50m] volume of LB (Appendix A) containing 4% maltose was inoculated with iml of 

an overnight culture of NMS 14 high frequency lysogeny E. co/i (Appendix B) and grown 
to an 0D600  of 0.5 (370C; 150rpm). Cells were centrifuged at 3000rpm for 10 minutes 

(4°C) and resuspended in 15m1 of cold 10mM MgSO4. The packaged phage library was 

diluted (1:50) with SM buffer in a final volume of 100tl and added to 600il of NM514 

competent cells. Infection of the cells with phage particles was allowed to proceed at 

370C for 15 minutes with gentle shaking. Approximately 9.3m1 of molten top agarose 

(Appendix A) was added to the infected cells, mixed by inversion and plated onto pre-

warmed LB plates (Appendix A) then incubated at 370C overnight. Plates containing 

plaques were cooled for approximately 20 minutes at 40C before duplicate membrane 

lifts were taken for further DNA manipulation. 

2.5.5. Polymerase Chain Reaction 

Amplification of DNA templates by the Polymerase Chain Reaction (PCR) was carried 

out as described by Saiki et al. (1988) in a Corbett FTS-320 Thermal Sequencer (Corbett 

Research, Australia). Lower annealing and extension temperatures were used to 

accommodate for A-T rich DNA as the nucleotide sequence of S. scabiei has not been 

determined and previous mite sequence data from our laboratory suggests a genome with 

a relatively high A-T content (Walton, 1999). Hence, annealing was commonly carried 

out between 40-50°C and extension at 60-68°C to avoid denaturation of DNA templates 

which may occur at standard extension temperatures (Su et al., 1996). 

In addition to the standard PCR method, long PCR and "hot" start PCR were also used. 

Long PCR involved the use of a lx PC2 buffer (20mM Trish-Cl, pH 8.55, 16mM 
ammonium sulfate, 2.5mM MgCl2  and 150j.ig/ml BSA) and Pfu.Taq (1:15) enzyme. Pfu 

cloned polymerase (Stratagene, Australia) is a high fidelity enzyme with a 3' to 5' 
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exonuclease activity which removes any base overhangs left behind by the Taq enzyme, 

producing blunt ended PCR products (Barnes, 1994). Extension was carried out over 4-6 

minutes each cycle. "Hot" start PCR required boiling the reaction mix for 2 minutes at 

95°C before the addition of the enzyme and proceeding with normal cycle conditions 

(Kwok et al., 1995). This was used for mite template DNA which had been prepared 

with Proteinase K as the high temperature inactivates residual Proteinase K which might 

otherwise inhibit enzyme activity (Goldenberger et al., 1995). Tween 20 was also added 

to the reaction mix to a final concentration of 2% to bind and hence inactivate SDS. 

2.5.5.1. PCR monitoring of cDNA synthesis 

PCR was used as an alternative to radioactive methods (Haymerle et al., 1986) to test 

the success and quality of cDNA synthesised with the above methods. Genomic DNA 

(gDNA) contamination of mRNA preparations is a common problem encountered in 

cDNA synthesis. In eukaryotic systems this can be circumvented by designing PCR 

primers spanning an intron of a highly conserved gene, thus enabling the detection of 

gDNA and cDNA by the differences in the size of PCR products generated. Two such 

systems were employed in this study. The first utilised the human cytoplasmic 3-actin 

gene because of its highly conserved nature (Ponte et al., 1983). Primers (PH008 and 

PHO09) were designed from the complete genomic sequence (accession no. M10277) 

spanning the third intron ("actin intron C") such that a product of 679bp would be 

expected from gDNA amplification and one of only 238bp from the cDNA. The second 

system is based on the human histidyl-tRNA synthetase gene (accession no. X05345; 
Tsui and Siminovitch, 1987), a housekeeping gene which is highly conserved among 

mammals. Primers were designed across a 272bp intron so as to generate a 128bp cDNA 

product and a 400bp gDNA product (Corrochano, 1991). 

2.5.5.2. Inverted PCR (IPCR) 

In an attempt to extend the sequence of cloned gene fragments, the method of inverted 

PCR was utilised (Triglia et al., 1988). Mite genomic DNA was first digested with the 
restriction enzymes BamHI (10 units), Bgl1I (5 units), Spel (5 units) orXhol (5 units) in 

a final volume of 40j.tl. Recircularisation of the digested DNA was achieved by overnight 

ligation at 4°C with 2 units of T4 DNA ligase in a total volume of 50pJ. PCR was carried 

out with each ligation using oligonucleotide primers corresponding to the 5' and 3' ends 

of the known sequence and in the direction of the unknown region. Nested IPCR was 

attempted on ljil of a 1:500 dilution of the first round IPCR products, with 

oligonucleotide primers 'internal' to the first set of primers. Products from both rounds 
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of amplification were visualised following electrophoresis on a 1% agarose gel to 
determine whether or not subsequent purification and cloning was necessary. 

2.5.6. Agarose gel electrophoresis 

Agarose gel electrophoresis of PCR products and purified DNA was carried out on 0.5-
1.5% Agarose-LE gels (Boehringer Mannheim) in submarine gel tanks (Bio-Rad). DNA 
samples were loaded directly onto the gel along with X/Hindlll (Boehringer Mannheim) 
or OXl74IHaeIII (Bio-Rad) size standards. The gels were run between 50 and 100 volts 
in 1xTAE buffer (40mM Tris-acetate; 2mM EDTA; pH 8.0) containing 200ng/ml 
ethidium bromide (Boehringer Mannheim). DNA was visualised on an ultraviolet 
transilluminator (X322, Ultra-Lum) and photographed with Polaroid 665 film (Kodak, 
Australia) or captured using a GelDoc 1000 image acquisition system (Bio-Rad). 

Electrophoresis of RNA was performed under denaturing conditions using the method 
described by Goda and Minton (1995). The denaturing agent employed is guanidinium 
thiocyanate, much preferred over other denaturants such as formaldehyde, dimethyl 
sulfoxide and mercuric hydroxide as it is less toxic and non-volatile. In addition, 
guanidinium thiocyanate allows the staining of RNA with ethidium bromide in situ and 
subsequent viewing under TJV light without further pre-treatment of the gel. Essentially, 
agarose gels were prepared as above in 0.5xTBE buffer (44.5mM Tris-base; 44.5mM 
boric acid; 2mM EDTA; pH8.0). Fresh guanidinium thiocyanate (20mM final 
concentration) was added immediately prior to casting of the gel. In this concentration 
it maintains the RNA in its denatured form during electrophoresis and protects it from 
the action of RNase. It must be noted that all solutions used in this procedure were 
prepared with DEPC-treated water (RNase free) and gel tanks, combs and casting trays 
soaked in 1% SDS for 2 hours before use. Prior to loading, RNA samples were mixed 
with an equal volume of formaldehyde and 0.5x volume of deionised formamide, 
denatured at 950C for 5 minutes, centrifuged and placed on ice. A solution of 50% 
glycerol was used as the loading buffer. Samples were loaded alongside a 0.24-9.5kb RNA 
ladder (Gibco BRL). 
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2.5.7. Determination of DNA/RNA concentrations 

The concentration and purity of DNA and RNA were determined using a GeneQuant II 

spectrophotometer (Amersham Pharmacia Biotech) by measuring absorbance ratios at 

260nm and 280nm (Towner, 1991; Wilkinson, 1991). 

2.5.8. Preparation of mite DNA templates 

Individual mites were picked from skin shed or scraped from scabies patients and DNA 

from the mites was extracted. Mite templates were prepared by Shelley Walton for a 

separate project (1999). Individual scabies mites were homogenised in 20111 of digestion 

buffer using a microfuge tissue grinder followed by the addition of Proteinase K 

(500j.tg/ml final concentration). The sample was digested at 55°C (5 hours minimum), 

heat inactivated at 95°C for 15 minutes and stored at -20°C until required for PCR. 

2.5.9. Cloning and chemical transformations of PCR products 

PCR products isolated for sequencing were directly cloned into the pGEM®-T Easy 

vector using a pGEM®-T Easy Vector System I kit (Promega Corporation, USA), 

according to the manufacturer's instructions. PCR products generally have an adenosine 

(A) residue at the 3' end added by the terminal transferase activity inherent to Taq 

polymerase (Clark, 1988). The pGEM®-T Easy Vector system is prepared by restriction 

digest of the pGEM®-T Easy vector with EcoR V and adding a single 3' terminal 

thymidine (T) at both ends of the insertion site. This greatly improves the efficiency of 

ligation of PCR products into the plasmids by providing a compatible overhang for the 

PCR products and preventing recircularisation of the vector. Ligations were performed 

overnight at 40C followed by transformations into freshly prepared CaCl2  competent 
cells essentially as described by Sambrook et al. (1989) with minor modifications. 
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The DH5a strain (Hanahan, 1983; Appendix B) of E. coli was used in this procedure. A 

5m1 overnight culture was prepared in 2YT media (Appendix A) at 37°C with shaking 

(150rpm). The following day a lOOml volume of fresh media was inoculated with 10011 

of overnight culture and cells allowed to grow (37°C; 150rpm) to an optical density of 

0.45-0.55 (X = 600nm). Absorbance readings were made with a CIBA-Corning 

Colorimeter 254 (FSE, Australia). The cells were centrifuged at 800xg for 10 mins (4°C) 

in a Beckman GS-6R centrifuge and resuspended in lOmI of ice cold 0.1M CaCl2. 

Following incubation on ice for 30 mins the cells were recentrifuged and resuspended in 

4m1 of ice cold 0.1M CaCl2  then incubated on ice overnight. A 241 volume of the 

ligation reaction was added to 200tl of competent cells and incubated on ice for 30 mins. 

The cells were subjected to heat shocking at 42°C for 90 seconds and immediately cooled 

on ice for 2 mins. The addition of 800il of SOC (Appendix A) followed and the 

reaction was incubated at 37°C for 30 mins to lhr. Transformation products were plated 

out onto 2YT plates containing 200Ig!ml ampicillin, 100pg/ml IPTG (isopropylthio-f3-

D-galactoside) and 40tg!ml X-gal (5-bromo-4-chloro-3 -indolyl-b-D-galacto-pyranoside) 

- XIA plates. Recombinant clones were identified by blue/white selection. Selected 

clones were re-streaked onto fresh XIA plates and PCR templates prepared by boiling 

cells in 50il of Milli-Q water for 10 mins. PCR using vector primers pUC/M13 forward 

and reverse (Table 2.1) was performed to screen for inserts. Plasmid preps were 

prepared for positive clones and sequenced (section 2.5.11) using vector primers. 

2.5.10. Electroporations 

All electroporations were performed using a Bio-Rad Gene Pulser®. Electroporation 

conditions are given in section 2.5.2.3 and were carried out following the instructions 

from manufacturers of the cell line used. 
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2.5.11. Cycle Sequencing 

Cycle sequencing applied directly to purified PCR-amplified or plasmid miniprep 

products was based on the Sanger-Coulson method of chain termination (Sanger et al., 

1977), and was manually performed with the aid of an AmpliCycleTM Sequencing Kit 

(Perkin Elmer, Australia) as specified by the manufacturers, using pGEX forward and 

reverse primers (Table 2.1). 4pi of DMSO was added to each reaction in a final volume 

of 30.tl to avoid reannealing of double stranded DNA template strands, hence preventing 

the formation of secondary structures (Winship, 1989). Reaction products were heated 

at 950C for 10 minutes and electrophoresed on a 6% polyacrylamide gel under denaturing 

conditions, as described by Sambrook et al. (1989). Gels were vacuum dried and exposed 

to X-OMAT AR film (Kodak, Australia) for 12-16 hours at room temperature and 

developed in a Curix 60 X-ray developer (AGFA, Australia). The sequence was 

determined from the x-ray film. Alternatively, some DNA samples were sequenced at 

the Australian Genome Research Facility (AGRF) in Queensland or Newcastle DNA in 

New South Wales using an automated sequenator. Plasmid miniprep products were used 

as templates for this application and sequence data accessed via the WS_FTP95.exe 

program. 

2.5.12. Screening of the cDNA and A.gt 10 libraries with DNA 
probes 

DNA probes were obtained by amplifying cloned DNA inserts using sequence-specific 

primers. The length of the probes were 149bp and 356bp (Chapter 4). Labelling was 

performed with a GlGAprime DNA labelling kit (Bresatec Ltd., Australia) with the 

incorporation of 25jiCi of a-32P-dATP (Geneworks Pty. Ltd., Australia), according to 

the manufacturer's instructions. 

Colonies or plaques were lifted onto Hybond-NX nylon membranes (Amersham 

Pharmacia Biotech) as described by the manufacturers. Colonies or plaques were lysed 

with 10% w/v SDS for 3 minutes, followed by two 5 minute incubations in Denaturation 

Buffer (1.5M NaCl; 0.5M NaOH), then two 3 minute incubations in Neutralisation 

Buffer (1.5M NaCl; 0.5M Tris, pH 7.5). Finally the membrane was washed in 2xSSC 

(0.3M NaCl; 0.03M sodium citrate) to remove proteinous debris and air dried on a sheet 

of blotting paper. Fixation of DNA onto the membrane was carried out by baking at 

80°C in a vacuum oven for 2 hours. 
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Upon cooling, membranes were incubated in 10ml Prehybridisation Solution (6xSSC, 5x 

Denhardt's, 0.5% SDS and 1mg of denatured Herring Sperm DNA) for 2.5 hours in a 

65°C Hybridisation Incubator (Robbin's Scientific, Model 400, Bresatec). The labelled 

probe was added to the prehybridisation solution and filters incubated overnight at 65°C. 

The following day, filters were washed by incubating twice in 2xSSC, 0.1% SDS (5 

minutes each), followed by 1xSSC, 0.1% SDS for 15 minutes, and finally 0.1xSSC, 0.1% 

SDS for 2x 10 minutes at 65°C. The membrane was sealed in plastic and exposed to x-

ray film at —70°C before developing with a Curix 60 X-ray Developer. 

2.5.12.1. Southern blot hybridisation 

Southern blots of PCR products following agarose gel electrophoresis onto PVDF-Plus 

Transfer Membranes were prepared as described in Sambrook et al. (1989). Briefly, the 

DNA was treated with Denaturation buffer (section 2.5.12) for 45 minutes followed by 

Neutralisation buffer (section 2.5.12) for 1 hour and finally transferred onto PVDF-Plus 

membranes pretreated with methanol by dry transfer, overnight at room temperature 

(Southern, 1975). Following transfer, cross-linking of the DNA to the membrane was 

achieved by a 2 minute exposure to short-wave UV light (X302, Ultra-Lum) and hybridised 

with an a32P-dATP labelled probe as described above (section 2.5.12). 

2.6. PROTEIN AND IMMUNOLOGICAL METHODS 

Secondary antibody enzyme conjugates used in this study were purchased from Sigma 

Chemicals Co. (USA) unless otherwise stated. 

2.6.1. Extraction of proteins from hyperinfested skin 

Proteins from hyperinfested skin was extracted using the TRIzoL® Reagent (Gibco BRL) 

according to the manufacturer's instructions. Samples were homogenised in the TRIZOL 

reagent consisting of a mono-phasic solution of phenol and guanidine isothiocyanate 

which maintains the integrity of the RNA during cell disruption and the dissolution of 

cell components. Proteins and DNA were separated from RNA by chloroform 

extraction and isopropanol precipitation. Ethanol precipitation of the aqueous phase 

yielded DNA and subsequent isopropanol precipitation of the organic phase yielded 

proteins. The protein pellet recovered at the end of the protocol was dissolved in 0.5M 

sodium phosphate buffer (pH 7.5) for use in affinity purification or Western blot 

analysis. 
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2.6.2. Preparation of filters for colony immunoscreening 

The method used to treat filters prior to colony immunoassays was developed by 

Laurenti et al. (1993). Briefly, following transformations, bacterial colonies growing on 

ampicillin plates were lifted onto sterile nitrocellulose filters. Replicate filters were 

placed colony side up on a 2YT/Amp plate containing 2mM IPTG and incubated at 37°C 

for 4 hours to induce protein expression. Unless specified, all incubations for the 

following protocol were carried out at room temperature with gentle rocking. After 4 

hours, bacterial cells were lysed by placing the filters (colony side up) onto a sheet of 

blotting paper soaked with Lysis solution (1.5M NaCl; 0.5M NaOH) for 5 minutes. This 

step was repeated, after which the filters were neutralised by placing onto blotting paper 

soaked with Neutralisation solution (1M Tris-HC1, pH 7.5) twice, at 5 minutes each. 

This was followed by three washes in PBS/0.1% Tween 20, pH 7.4 (PBS-T) to remove 

colony debris. Filters were left in the wash solution (PBS-T) with gentle rocking on a 

Rocking Platform Mixer (Ratek Instruments, Australia) overnight. 

The following day, filters were blocked with blocking solution (Blotto - 5% non-fat milk 

powder in PBS-T) for 1 hour at room temperature with mild agitation, then incubated 

with preabsorbed primary antisera diluted in Blotto (1:50 to 1:1000) for a further 1-2 

hours. Filters were rinsed twice then washed thoroughly in PBS-T. Serum specific 

binding was detected by incubation for 1 hour in Anti-Rabbit IgG (1:2000 dilution in 

Blotto) conjugated to Alkaline Phosphatase. After thorough washing in PBS-T, filters 

were developed using NBT/BCIP chromogenic substrates (Promega Corporation) in 

Substrate Buffer (100mM Tris; 0.5mM MgCl2, pH 9.5). 
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2.6.3. Preabsorption of antibacterial antibodies from antisera 

Antisera from scabies patients and control groups as well as rabbits were pre-absorbed 

against E. coil SURE cells bearing the expression vector pGEX-4T-2 via a method 

described by Gruber and Zingales (1995). This was to remove non-specific antibodies 

directed towards the original host organism which may otherwise contribute to 

background activity in immunological assays. Briefly, a 400m1 culture of 2YT/Amp 

medium was inoculated with E. co/i SURE cells transformed with pGEX-4T-2 and grown 

overnight at 37°C with shaking (180rpm). The culture was split into two flasks, one was 

autoclaved at 12 1°C for 1 hour and allowed to cool to room temperature. Formaldehyde 

(0.5% w/v final concentration) was added to the other flask and the mixture was 

incubated at 37°C for 2 hours with shaking (180rpm). Both bacterial suspensions were 

mixed, centrifuged (5000xg, 10 minutes) and washed twice with 200m1 of Dulbecco's 

Phosphate-buffered Saline (PBS, pH7.4; Gibco BRL). The bacterial pellet was aliquoted 

into eight falcon tubes (50m1) and stored at -20°C. The antiserum to be absorbed was 

diluted 1:50 in PBS. Each bacterial pellet was thawed, resuspended with I 5m1 of diluted 

antiserum and incubated for 2 hours at 4°C with mild agitation. The sample was 

centrifuged at 5000xg for 10 mins to pellet the cells and the supernatant used to 

resuspend another bacterial pellet. This step was repeated for a total of four absorption 

cycles. Following the last cycle, the antiserum was filtered through a 0.454m Millipore 

membrane (Bedford, USA), aliquoted into eppendorf tubes and stored at -20°C. 

2.6.4. Detection systems 

Two detection systems were utilised in this study, these were enhanced 

chemiluminescence and chromogenic substrate deposition. 

2.6.4.1. Enhanced chemiluminescence (ECL) 

In this study the ECL Western Blotting Analysis system (Amersham Pharmacia Biotech) 

was used according to the manufacturer's instructions. Briefly, following incubations in 

HRP-labelled secondary antibody, filters were washed and drained of excess buffer then 

totally immersed in the detection reagent and incubated for 1 minute without agitation. 

Filters were drained, wrapped in a sheet of cling wrap, exposed to x-ray film in the dark 

for 15 seconds and developed immediately. If a faint signal was obtained, a second 

longer exposure was performed. Generally exposure times extending beyond 1 minute 

were not necessary. Filters were stripped by incubation for 30 minutes at 50°C in 

stripping buffer (100mM f3-mercaptoethanol; 2% SDS; 62.5mM Tris-HCI, pH 6.7), 
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washed twice in PBS-T and refrigerated in a sealed bag until required for reprobing. The 

effectiveness of stripping was monitored by re-exposure to x-ray film. 

2.6.4.2. Chromogenic substrate deposition 

The second detection system involved the chemical reaction between alkaline 

phosphatase (AP)-conjugated secondary antibody and a substrate of bromochloroindolyl 

phosphate (BCIP) and nitro blue tetrazolium (NBT) to produce a dark purple precipitate. 

Following incubations with AP-conjugated second antibody and washing, 60tI of NBT 

and 30j.il of BCIP were added to 10ml of Substrate Buffer (100mM Tris-HCl, pH 9.5; 

0.5mM MgCl2), mixed and poured onto the filter. The reaction was allowed to proceed 

in the dark, at room temperature for approximately 10 minutes or until the reaction was 

complete. Upon completion, indicated by the coloured precipitate, the developer was 

drained and the filters washed extensively with water then air-dried on blotting paper. 

2.6.5. Isolation, expression and purification of recombinant-GST 
fusion proteins 

IgG-reacting cDNA clones detected in the first stages of immunoscreening were subjected 

to several rounds of purification. As mentioned earlier, the filters screened contained up 

to 5000 clones, hence when a positive clone was identified and picked off the original 

plate, the probability of its being contaminated with other neighbouring clones was high. 

The original colony was picked and re-streaked on a fresh 2YT/Amp plate with a sterile 

loop to obtain single colonies, and incubated at 37°C overnight. Individual colonies were 

then re-streaked onto a second plate in triplicate. Approximately 50 colonies from the 

plate were re-streaked in this way for each original positive clone. These were subjected 

to a second round of colony screening as described in section 2.6.2. Positives from this 

round were again re-streaked as above for a third round screen, although the number of 

colonies re-streaked in triplicate in this round was reduced to only 10. 

Batch cultures of recombinant fusion proteins were prepared according to the method 

described by Smith and Johnson (1988) with minor alterations as follows. A single E. 

coli colony bearing the recombinant vector was picked into lOOml of sterile 2YT/Amp 

medium and grown to plateau-phase for 12-18 hours at 37°C with shaking at 150rpm. 

The following day, the cultures were diluted 1:10 with fresh medium to a final volume of 

800m1 and grown to an 0D600  of 0.4-0.6 (37°C; 150rpm). The culture was induced with 

0.1mM IPTG (filter-sterilised) for a further 2 hours, and cells harvested by 

centrifugation at 3000rpm, 4°C for 10 minutes in a Beckman Model J2-21 centrifuge 
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with JA-14 rotor. The cell pellet was washed with 30m1 of ice cold PBS and 

recentrifuged, then resuspended in 8m1 of cold PBS and lysed by mild sonication on ice 

with a Bronson Sonifier 250 until the solution cleared. Triton X-100 (Boehringer 

Mannheim) was added to a final concentration of 1% in order to reduce contamination 

of the purified fusion proteins with E. co/i proteins. Insoluble proteins were pelleted by 

centrifugation at 10000xg, 4°C for 10 minutes and the supernatant stored at —20°C or 

applied immediately to a Glutathione-Sepharose 413 Column (Amersham Pharmacia 

Biotech) for affinity purification of recombinant-GST fusion proteins. 

The Glutathione-Sepharose 4B matrix was prepared according to the manufacturer's 

instructions and Triton-X 100-soluble proteins bound by overnight mixing on a Coulter 

Mixer at 4°C. Unbound proteins were eluted off the column with a Peristaltic Pump-P3, 

followed by thorough washing in PBS and elution in 5m1 of 10mM reduced glutathione in 

50mM Tris-HCI, pH 8.0. A second elution was carried out separately with lml of 0.5% 

SDS to ensure removal of all bound proteins. Proteins were quantified by measuring 

absorbance at 280nm and the amount calculated based on the relation IA280  = 0.5 mg/ml 

of GST (Hartree, 1972). Purity of the eluted proteins was determined by visualisation on 

a Coomassie-stained 12% SDS-PA gel. Protein eluates were stored at —20°C until 

required. 

2.6.6. Affinity purification of antibodies from hyperimmune rabbit 
serum 

Polyclonal antibodies to recombinant protein or skin and mite extracts were isolated 

from hyperimmune serum obtained from immunised rabbits or infested rabbits, as 

described by Harlow and Lane (1988). Briefly, approximately 0.5-1 .0ig of purified 

soluble protein corresponding to the antisera to be absorbed was coated onto Imi of 

CNBr-activated Sepharose 4B (Sigma-Aldrich Pty. Ltd., USA) in a Bio-Rad Poly-Prep 

Chromatography Column. Proteins were bound overnight with gentle mixing on a 

Coulter Mixer at room temperature. Coated beads were washed thoroughly with 0.4M 

sodium phosphate buffer, pH 7.5, followed by incubation in lOmi of ethanolamine (4 

hours; room temperature; gentle mixing) to block extraneous binding sites. The column 

was washed with 20m1 of PBS. Polyclonal sera, diluted in PBS was applied and incubated 

at 4°C overnight. The following day, unbound antisera was removed from the column 

and antigen-specific antibodies were eluted with 100mM glycine-HC1 (pH 2.5) into tubes 

containing 1/lOx volumes of IM Tris-Cl, pH 8.0 for neutralisation. The product was 

subjected to dialysis against PBS in Collodion Bags, and stored at —20°C until required. 
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2.6.7. SDS-FAGE 

Polyacrylamide gel electrophoresis of expressed proteins was carried out on a 12% SDS-

PA gel as described by Bollag el. al. (1996) and Harlow and Lane (1988). A Bio-Rad 

Mini-Proteanil Dual Slab Cell was used. 

Induced bacterial colonies were boiled at 100°C for 10 minutes in a solution of 0.5% SDS 

and IX Loading Dye (50mM Tris-HCl, pH 6.8; 4%w/v SDS; 0.2% v/w bromophenol blue; 

20% wlv glycerol; Gibco BRL). Samples were loaded directly onto the gel, along with a 

Kaleidoscope pre-stained standard (Bio-Rad). The gels were run at l00V in running 

buffer (IX SDS) for approximately 2 hours and stained with Coomassie Brilliant Blue or 

transferred to a membrane by Western Blotting. 

2.6.8. Coomassie Brilliant Blue staining of protein mini-gels 

Protein gels were stained immediately after electrophoresis or following a Western blot 

to determine the efficiency of transfer. The staining solution consisted of 0.25% 

Coomassie brilliant blue, 50% methanol and 10% acetic acid. The gel was incubated in 

staining solution for 15 minutes (room temperature with gentle rocking) and washed 

several times in Destaining Solution (25% methanol; 7% acetic acid) at room 

temperature with agitation (Harlow and Lane, 1988). 

2.6.9. Western Blotting 

Transfer of proteins from SDS-PA gels to PVDF-Plus Transfer Membranes (Amersham 

Pharmacia Biotech) was as described by Burnette (1981) and Towbin (1979), with the 

following modifications. The transfer buffer used was a solution of 0.1% SDS, overnight 

transfer was carried out at 50mA and 4°C. Membranes were screened with primary 

antisera and probed with an alkaline phosphatase conjugate of a secondary antibody as 

described in section 2.6.2. 
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2.6.10. Deglycosylation techniques 

Removal of carbohydrate epitopes from the mite antigen preparation on Western blots 

prior to immunoscreening (section 2.6.2) was performed according to the 

recommendation of Dr. Malcolm McConville (Department of Biochemistry, Melbourne 

University, Victoria - personal communication) as described below. 

NaOH was used to remove 0-linked glycans. Membranes were incubated 

overnight at 370C in 0.1M NaOH. 

Neuraminidase was used to remove exoglycosidases such as sialic acid. The 

enzyme was diluted in 1mL of 0.2% BSA to a final concentration of 0.04 

units/ml, then added to 9m1 of a buffer consisting of 100mM sodium acetate and 

2mM CaCl2  (pH 5.0). This was poured onto the membrane and incubated 
overnight at 370C. 

Peptide-N-glycosidase F (PNGase F) was used to deglycosylate N-linked 

glycoproteins. The enzyme (1 unitljil) was added to lOml of incubation buffer 

(50mM sodium phosphate, pH 6-8; 25mM EDTA; 0.5% Triton X-100; 0.1% 

SDS; 1% 3-mercaptoethanol) and poured onto the filter then incubated overnight 

at 37°C. 

A combination of PNGase F and neuraminidase was also used to deglycosylate 

most glycoproteins. In this experiment 2 units of PNGase F and 2 milliunits of 

neuraminidase (in 0.2% BSA) was added to 10m1 of 20mM sodium phosphate 

buffer (pH 7.2), poured onto the membrane and allowed to incubate overnight at 
37°C. 

Membranes were rinsed twice in PBS-T for 10 minutes before blocking in Blotto and 

further immunoscreening. 

2.6.11. Thrombin cleavage of recombinant-GST proteins 

Removal of the GST carrier from fusion proteins by cleavage with thrombin was carried 

out as described by Smith and Johnson (1988). Briefly, an enzyme-to-substrate (i.e. 

thrombin: fusion protein) ratio of 1:500 was prepared and incubated at 250C for 30 

minutes. According to Smith and Johnson, this incubation period was sufficient for 
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cleavage of most of the fusion proteins present in the reaction. Samples were kept on 

ice until required for electrophoresis on a 12% SDS-PA gel. 

2.6.12. Enzyme-linked immunosorbent assay (ELISA) 

Flat-bottomed Nunc1mmunoTM  Plates with MaxiSorpTM Surface (Nunc) were used for all 

ELISAs and each sample was run in triplicate. Unless otherwise stated, all procedures 

were performed at room temperature. Incubations were carried out in a sealed humidified 

chamber. Microtitre plates were coated with 10pg/ml recombinant antigen in PBS (pH 

7.4) and incubated overnight. Excess antigen was discarded and coated plates were 

washed once in PBS-T then twice in PBS before overnight blocking with 0.5% BSA in 

PBS. The blocking solution was removed and plates washed as above. Two-fold serial 

dilutions of primary antisera in PBS were applied (1:50 to 1:3600) and incubated for a 

further hour. Plates were washed as before, then overlaid with 1:1000 dilution of 

Alkaline Phosphatase conjugated secondary antibody for one hour. After this time, the 

secondary antibody was discarded and the plates washed as before followed by two 

additional washes in diethanolamine buffer (10mM diethanolamine, pH 9.5; 0.5mM 
MgCl2). Plates were developed with 1mg/mi of 4-Nitrophenyl disodium orthophosphate 

(pNPP; BDH Laboratory Supplies, England) in diethanolamine buffer for 15 minutes and 

read at 405nm on a Bio-Rad Model 3550 microplate reader (Bio-Rad Laboratories). 

2.6.13. Immunohistochemistry 

Tissue samples used were obtained from biopsies from patients admitted to Royal Darwin 

Hospital for treatment of crusted scabies. Tissue sections containing scabies mites were 

adhered to silane slides following fixation in formaldehyde and embedding in paraffin by 

Monika Stanczew. Mounted sections were dewaxed with three changes of histolene, then 

absolute alcohol, and endogenous peroxidase activity inactivated by incubation with 5% 

H202  in methanol for 15 minutes at room temperature and in PBS, pH 7.4 (2x 3 

minutes). To unmask tissue antigens which may have been cross-linked during fixation, 

sections were subjected to heat-induced microwave antigen retrieval by simmering in 

Target Retrieval Buffer (citrate buffer, pH 6.0; DAKO Corporation, USA) for 10 

minutes. The sections were cooled to room temperature, rinsed twice in PBS as above. 

Skin sections were blocked with 3% normal goat serum in PBS for 15 minutes at room 

temperature. The blocking solution was drained and primary rabbit antisera (1:100 - 

1:27 450 dilution in blocking solution) applied to the sections for overnight incubation 

at room temperature in a humidified chamber. The following day, sections were rinsed 
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with PBS and overlaid with HRP-conjugated biotinylated link anti-mouse and anti-rabbit 

Ig (DAKO Corporation) for 10 minutes at room temperature, followed by Streptavidin-

HRP solution for a further 10 minutes. For staining of specific antibody binding sites in 

mite tissue, 3,3'-diaminobenzidine (DAB) in chromogen solution was used. Sections were 

counterstained with Mayer's Haemotoxylin, differentiated in acid alcohol then saturated 

lithium carbonate, dehydrated with absolute alcohol and histolene before clearing and 

mounting. Preparations were observed under a light microscope (Leica, Germany) at 

varying magnifications and photographed with a KODAK 200 film. 

2.7. SERA 

2.7.1. Human sera 

Ethics clearance for collection of human sera was approved by the Top End Human 

Research Ethics Committee of the Royal Darwin Hospital and the Menzies School of 

Health Research, and the Northern Territory University Human Ethics Committee. 

Immune sera from 8 crusted scabies patients admitted to the Royal Darwin Hospital were 

used to screen the cDNA library. Antisera from 25 Aboriginal patients who had been 

exposed to ordinary scabies were used as the 'normal' scabies controls. Negative control 

sera were obtained from adult volunteers who have no history of exposure to scabies. 

Control sera from four children who have had no previous exposure to scabies were 

kindly provided by Dr. Wayne Thomas (TVW Telethon Institute for Child Health 

Research, Western Australia). 

2.7.2. Rabbit sera 

Hyperimmune sera from rabbits infested with S. scabiei var. can is was provided by Dr. 

Larry Arlian (Wright State University, Ohio, USA). Polyclonal antibodies were raised 

against scabies skin and mite protein extracts prepared using the TRIZOL® Reagent 

extraction method (section 2.6.1), as well as purified recombinant antigens Ssagl and 

Ssag2 (Chapter 4). Rabbits (Oryctolagus cuniculus) were immunised at the Veterinary 

Services Division of the Institute of Medical and Veterinary Science, Gilles Plains (South 

Australia) with approval from the Northern Territory University Animal 

Experimentation Ethics Committee. A total of 500pg of purified protein was injected 

into the rabbit subcutaneously at several sites along the back and neck to minimise the 

reaction at each site and to ensure a good distribution of the material to all the lymph 
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nodes of the rabbit. Up to five immunisations were performed, each 3-4 weeks apart. 

The primary dose was given as a 1:1 emulsion in Freund's Complete Adjuvant and 

subsequent boosters given as 1:1 emulsions in Freund's Incomplete Adjuvant. A pre-

bleed ('-10m1 of blood) was taken prior to the primary inoculation. The first test bleed 

was performed nine days after the 3  rd  dose and a final test bleed taken after the last 

scheduled dose. The rabbits were bled out usually 11 weeks after the first inoculation. 

All sera were stored at —70°C until required for preabsorption. 

2.8. RABBIT IMMUNISATION CHALLENGE TRIALS 

These trials were conducted in Prof. Larry Arlian's laboratory (Ohio, USA) by Dr. Marge 

Morgan using the animal model developed by Prof. Larry Arlian and colleagues (1995). 

Rabbits were immunised with purified recombinant antigens (Ssag 1 and Ssag 2) according 

to the schedule and protocol described in section 2.7.2. In this trial, 25 mature New 

Zealand white rabbits were immunised as follows: 5 controls (no immunogen), 5 

adjuvant-immunogen controls (water/Freund's) and 15 experimental (recombinant 

antigen/Freund's). At the completion of the immunisation schedule, rabbits were allowed 

to rest for two months before being inoculated with S. scabiei var. canis mites on the 

medial surfaces of the left ear pinnae with crusts harbouring approximately 800 live 

mites taken from previously infested animals (Arlian et al., 1988; Arlian et al., 1994). 

Rabbits were evaluated and blood samples collected at 2, 4, 6, 8 and 9 weeks post-

infestation. The sera were stored at —20°C for future antibody analyses if deemed 

necessary. The levels of scabies infestations were assessed by skin scrapings taken at 4, 8 

and 9 weeks post-infestation and counting the number of live mites present. 
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Chapter 3 

Construction of a S. scabiei var. hominis eDNA library 

3.1 INTRODUCTION 

To date, identification of S. scabiei antigens have been limited to crossed 
immunoelectrophoresis studies (Arlian et at., 1985; Arlian et at., 1996) and their 
characterisation has been based on immune responses to the mite infestations or 
immunisations with crude mite extracts (Arlian & Morgan, 2000; Morgan & Arlian, 1994). 

The mite burden in ordinary scabies is low, approximately 5-10 per individual, and their 
detection and isolation requires a significant level of expertise. The inability to culture 
sarcoptes mites in vitro has meant that sources of antigenic material are limited to mites from 
hyperinfested hosts. Arlian and colleagues (1989) have successfully established a system of 
culturing S. scabiei var. canis mites on rabbit ears, enabling further advances in 
immunological studies of scabies infestations through this animal model. In humans 
however, crusted scabies is a rare condition. This presents an enormous obstacle to the 
progress of studies on human immune responses and a major barrier to any DNA based 
studies on S. scabiei var. hominis mites. The close proximity of our laboratory to the Royal 
Darwin Hospital, where up to 10 admissions of crusted scabies occur every year, provides us 
with a unique opportunity to obtain large numbers of mites. 

The first attempts at utilising molecular biology techniques to investigate antigenic 
properties in S. scabiei were in our laboratory. Strategies designed to isolate and 
characterise an S. scabiei var. hominis homologue of the house dust mite antigen Der p I by 
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PCR and screening of a mite genomic DNA library with the Der p I probe were 

unsuccessful, presumably because of sequence differences (Walton, 999). 

The work described in this chapter aimed to employ recombinant DNA techniques to 

synthesise a library of cDNA clones derived from S. scabiei var. horn mis mites as the basis 

for molecular and serological investigations on antigenic proteins. To overcome the problem 

of a limited supply of S. scabiei mRNA, a PCR-based approach was utilised to generate an 

amplified cDNA expression library. The next step in this project was to identify expressed 

proteins by immunodetection or immunoscreening. Essentially, this technique involves the 

detection of specific proteins by the use of antibodies. The first antibody (primary antibody) 

recognises the protein of interest while a second antibody which is coupled to an enzyme or 

other detectable reagent recognises the primary antibody and is responsible for generating a 

coloured product. There are a wide variety of detection methods available at present. The 

most widely used of these are the enzymatic and radiometric methods (Bers & Garfin, 1985). 

These techniques are extremely sensitive, allowing for the detection of picogram quantities 

of expressed protein. The work undertaken to establish protocols for the immunoscreening 

of both the Oligo dT-primed and Random-primed cDNA libraries to isolate and purify S. 

scabiei antigenic proteins is also described here. 

3.2 RESULTS 

3.2.1 Construction of a cDNA library 

A T-Primed First Strand synthesis kit (Chapter 2) utilises Moloney Murine Leukaemia Virus 

(M-MuLV) Reverse Transcriptase and only requires I Ong of mRNA. It was found to be the 

most consistent system for the successful synthesis of first strand cDNA for subsequent PCR 

applications with minimal handling of samples. In a pilot study utilising HEp-2 mRNA, 

successful PCR amplification of a 238bp intron of the human 3-actin gene (section 2.5.5.1) 

demonstrated the efficiency of this method. 

A variety of methods were tested for the synthesis of double stranded cDNA from the 

extremely small amounts of material available. These include anchored cDNA (section 

2.5.2.1) and G-tailing of first strand cDNA (section 2.5.2.2). The method developed by 

Kemp et al. (section 2.5.2.3) for cDNA synthesis from Drosophila salivary gland mRNA 

proved to be the best method for the generation of aS. scabiei cDNA library. 
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Agarose gel electrophoresis following PCR amplification with oligonucleotide primers 

specific for the linker sequence (PH021) and the oligo dT tail (dG polyT) generated a range 

of products with a predominance of higher molecular weight molecules (Figure 3.1). 

Agarose gel fractionation and subsequent cloning into the pGEX4T-2 expression vector was 

performed followed by a series of transformations to generate a total of approximately I x 

105  clones. This was named the Oligo dT-primed library. Out of the 50 clones randomly 

selected for PCR analysis, 43 (86%) contained an insert. The largest insert was 

approximately 405bp and the smallest insert was approximately 30bp. The average size of 

inserts was 200bp (Figure 3.2). Copies of the plated transformants were made on 

nitrocellulose filters and stored at —700C. 

The method for isolating mites from human skin crusts did not eliminate the possibility of 

molecular contamination from human skin, particularly within the mite gut. Therefore the 

presence of human cDNA clones in the library was anticipated but to what extent was not 

known. 

Primers were designed from the human histidyl-tRNA synthetase gene (section 2.5.5.1) and 

tested with other mammalian gDNA and cDNA; the corresponding gene in S. scab iei would 

be expected to be considerably different in sequence. PCR of the cDNA product using 

PH014-PH015 primers failed to amplif' the 128bp product. This negative PCR result was 

the first evidence supporting the conclusion that the source of mRNA used to construct the 

cDNA library were the sarcoptes mites. It can be assumed from the pilot studies with HEp-2 

mRNA described above that extraction of mite mRNA and the subsequent synthesis of first 

strand cDNA based on the same methods were successful. 

Eighty clones from the library were randomly selected and sequenced initially. The Basic 

local alignment search tool (BLAST) (Altschul et al., 1990) was utilised to compare 

sequences with the non-redundant GenBank database through ANGIS 

(http://www.angis.su.oz.au/). Searches were performed using default parameters. Only 25% 

of the clones sequenced displayed sequence homology with human DNA. Eleven clones 

were selected for further analysis. Oligonucleotide primers specific for the S. scabiei inserts 

were designed for amplification of genomic DNA derived from mites and humans. Of the 

11 clones sequenced, 8 (73%) amplified mite DNA only, 1 (9%) amplified human DNA only 

and 2 (18%) amplified products in both mite and human DNA. BLASTn and BLASTx 

searches of the ANGIS GenBank database failed to identify any significant sequence 

homology (E<0.01) with the cloned fragments. Subsequent studies using a larger amount of 

the same source of mRNA for the construction of a phage cDNA library (Chapter 5) showed 
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only 5% contamination with human mRNA as defined by BLAST searches of the cDNA 

clones using the GenBank database. 

A second PCR-amplified cDNA library was generated from the same source of mRNA using 

a random oligonucleotide primer, dN10  polyT. This was named the Random-primed 

library. Another I x 105  clones were generated and stored down as above. In this library, 

36/42 (86%) clones amplified contained inserts while 6/42 (14%) did not (Figure 3.3). The 

largest insert was approximately 600bp and the smallest approximately 50bp. An average 

insert size of approximately 200bp was obtained. 

To achieve the high efficiencies of transformations required to generate the large numbers of 

clones anticipated for the library, Epicurian Coli Electroporation-Competent SURE Cells 

were used. These consistently generated up to 5.5 x 108  transformants per lig of DNA. 

A plasmid prep of the entire Random-primed library was prepared from clones regenerated 

from replicates of the master plates which had been cryopreserved. This was used as the 

basis for future identification and isolation of genes (Chapter 4). 

3.2.2 Antibody screening of the cDNA library 

3.2.2.1 Establishing experimental methods 

Preliminary studies to establish the most suitable protocol for library immunoscreening were 

carried out with the pGEX4T-2 unmodified vector transformed into CaCl2  SURE cells. 

Expression levels were tested on 1, 5, 10 and a scoop of colonies from induced and non-

induced transformants. Colonies were boiled in a solution of 0.5% SDS for 10 minutes, 

electrophoresed on a 12% SDS-PA gel and transferred to a PVDF membrane by Western 

blotting (section 2.6.9). Immunodetection of the GST fusion proteins with a 1:3000 dilution 

of anti-OST antibody and anti-goat IgG AP-conjugate (1:5000 dilution) showed high levels 

of expression from a single colony when induced with 0.4mM of IPTG (Figure 3.4). 

3.2.2.2 Optimisation of the immunodetection technique 

Immunoscreening of the cDNA library was carried out using the method described by 

Laurenti and colleagues (1993; section 2.6.2). This method was developed to avoid the use 

of chloroform and other chemicals commonly found in standard protocols. The authors 

report very low to negligible non-specific background signal and false positives, even from 
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screening large numbers (>10) of colonies simultaneously. This makes it an ideal method 

for the screening of cDNA libraries where a single filter may typically hold between 3000 

and 5000 colonies. This method was successfully applied to screening the cDNA libraries 

described earlier. 

The AP-conjugated enzymatic system was used for the detection of antibody-reacting clones 

(section 2.6.4.2). Positive results are visualised by a colour reaction on the nitrocellulose 

filters. An alternative method tested for this purpose was enhanced chemiluminescence 

(ECL; section 2.6.4.1). Chemiluminescence is a highly sensitive non-radioactive method for 

the detection of immobilised expressed proteins conjugated directly or indirectly with 

horseradish peroxidase (HRP)-labelled secondary antibodies (Figure 3.5). In the reaction, 

luminol is oxidised in the presence of the HRP which is coupled to the secondary antibody, 

and an enhancer such as phenol. This results in the emission of light reaching a maximum 

wavelength of 428nm which can be detected by autoradiography (Whitehead et al., 1979). 

Other added advantages of this method are its speed i.e. developing time is significantly 

reduced and shorter incubation times with secondary antibody are sufficient, thus the whole 

protocol can be completed in just over 2 hours. Application of this method led to the 

discovery that false positives were generated as a result of the endogenous production of 

catalase by E. coli which acts in the same way as peroxidase to catalyse the oxidation of 

luminol in the detection reagents, hence producing chemiluminescence (Figure 3.6). This 

finding led to the conclusion that chemiluminescence is not suitable for colony 

immunoscreening. 

The specificity of the chromogenic substrate deposition method of detection was tested on 

colony lifts of transformed pGEX4T-2 or pBS (non-GST expressing) plasmids. Membranes 

were prepared and pretreated as described in section 2.6.2 then screened with anti-GST 

antibody (1:3000 dilution) followed by anti-goat 1gG AP-conjugate (1:5000 dilution), or 

secondary antibody alone, and developed with the NBT/BCIP substrates (Figure 3.7). A 

colour reaction was only obtained for the filter containing the transformed pGEX4T-2 clones 

which was screened with both primary and secondary antibodies. No non-specific binding 

was observed with the filter screened with the secondary antibody alone or with filters 

containing the transformed pBS colonies. 
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Figure 3.1 Full-length cDNA amplification following linker ligation. 
Agarose gel electrophoresis of the PCR-amplified eDNA 
with PH021 (linker) and dG polyT oligonucleotide 
pnmers. 

94 



Chapter 3 

MW (bp) 

ab 

positive control (circular vector) 
negative control (dH20) 

Figure 3.2 PCR analysis of random clones from the Oligo dT-primed 
cDNA library. 
PCR amplification of randomly selected clones from Oligo 
dT-primed library with pGEXf-pGEXr oligonucleotide 
primers, also showing a) vector only (+ve control) and 
b) dH20 (-ye control). 
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a) negative control, dH20 

Figure 3.3 PCR analysis of random clones from the Random-primed 
cDNA library. 
PCR ampl ificati on of randomly selected clones from the 
Random-primed library with pGEXf-pGEXr oligonucleotide 
primers, also showing a) dH20 (-ye control). 
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Schematic diagram of protein induction experiment 

pGEX4T-2 transformants 

Lift colonies onto 
nitmcellulose filters 

-IPTG (4 hours) + 0.4mM IPTG (4 hours) 

Boil colonies in 0.5% SDS 
+ 

Fractionate proteins on a 12% SDS-PA gel 
4, 

Western analysis 

Western blot analysis of GST- protein expression 

-IPTG +IPTG 

1) scoop of colonies 
2)10 colonies 

5 colonies 
1 colony 

Figure 3.4 Western analysis of GST protein expression. 
A) Experimental protocol flow diagram and B) Western blot analysis of 
GST protein expression with and without IPTG induction on 1) a scoop of 
colonies; 2)10 colonies; 3) 5 colonies; and 4)1 colony. Screened with 
anti-GST antibody (1:3000 dilution) and anti-goat IgG AP-conjugate 
(1:5000 dilution). Results show high levels of protein expression from 
individual colonies. 
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Figure 3.5 ECL detection of expressed GST proteins. 
GST expression in E. colE detected with protein G-HRP 
conjugate (1:5000 dilution) and the ECL detection system 
showirg strong signal and minimum background noise. 
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A. Expressed GST and non-GST 
proteins - screened witth primary 
and second antibodies 

B. Expressed GST and non-GST 
proteins - screened with second 
antibody only 
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C. Negative control, ECL detection reagents only 

ø' 1 

Streptococcus pyogenes 

Figure 3.6 Control experiments on the ECL detection system. 
ECL detection of expressed GST and non-GST proteins using 
A) anti-GST antibody (1:5000 dilution) and rabbit anti-goat-HRP 
conjugate (1:5000 dilution); B) rabbit anti-goat-HRP (1:5000 dilution) 
only; and C) using the ECL detection reagents only. Images illustrate 
non-specific binding. 
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A. pGEX4T-2 
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and 3) Primary and secondary antibody 
and 4) Secondary antibody only 

Figure 3.7 Control experiment on modified library immunoscreening protocol. 
Colony immunoscreening of expressed A) GST and B) non-GST 
proteins with 1 and 3) anti-GST antibody (1:3000 dilution) and 
anti-goat IgG AP-conjugate (1:5000 dilution); or 2 and 4) secondary 
antibody AP-conj ugate only, detected with NBP/BCIP chromogenic 
substrate deposition. 
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3.2.3 Immunodetection of S. scabiei antigens by Western analysis 

3.2.3.1 Scabies patient sera 

Sera used to perform Western analysis on crude protein extracts of skin infested with S. 

scabiei var. hominis mites were obtained from 8 crusted scabies patients admitted to the 

Royal Darwin Hospital during the period 1992-1998. IgE levels of these patients were 

exceedingly high, ranging between 33,570-198,168 IU/ml (normal range 0-110 lU/mi). IgG 

levels of the same sera ranged between 25.5-5 1.8 g/L normal range (6.0-13.0 gIL). Sera 

from these patients were pooled and used as a 1:1000 dilution for screening. Sera from 25 

Aboriginal patients who had been exposed to scabies but were uninfested were also pooled 

and used for Western analysis. IgE and IgG levels for these individuals were not known. 

Crude protein extracts obtained from mite-infested skin (section 2.6.1) were electrophoresed 

on a 12% SDS-PA gel, transferred to a PVDF membrane by Western blotting and analysed 

using sera pooled from crusted scabies patients (1:1000 dilution) followed by detection with 

anti-human IgE (1:1000 dilution) or anti-human IgG (1:5000 dilution) AP-conjugated 

antibodies, several IgE- and IgG-reacting proteins were identified (Figure 3.8). A similar 

result was obtained for Western analysis using the pooled ordinary scabies sera (data not 

shown). 

When the cDNA library was screened with the pooled crusted scabies sera or pooled 

exposed, uninfested scabies sera, no IgE- or IgG-reacting clones were identified. 

3.2.3.2 Anti-Derp I sera 

Western analysis using anti-Der p I antibodies to crude protein extracts from human skin 

infested with S. scabiei var. hominis mites identified a protein band of approximately 30kDa 

(Walton, 1999). This indicated that a homologue of Derp I exists inS. scabiei var. hominis. 

To test whether this product was also present in the crude extracts prepared for this study, the 

same Western blots containing skin and mite protein extracts were screened with the same 

mouse anti-Der p I sera (1:500 dilution) used by Walton, kindly provided by Dr. Wayne 

Thomas, and anti-mouse immunoglobulin (1:1000 dilution). Normal mouse serum was used 

as a negative control (Figure 3.9). Binding of the anti-Der p I antibodies to the 30kDa 

protein was demonstrated, however the signal was weak. A stronger signal was obtained 

from a protein of approximately 60kDa. However, this molecule was not further 

characterised because of the limiting amounts of antibody and antigen available. 
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3.2.3.3 Rabbit antisera 

The most successful approach for library immunoscreening was using sera from rabbits 

infested with var. canis mites (1:2000 dilution) which was kindly provided by Dr. Larry 

Arlian (Ohio, USA). 

Rabbits produce high antibody titers against foreign antigens. There may be only one 
species of S. scabiei (Fain, 1978; Zahler et al., 1999) as suggested by morphological and 

ribosomal RNA studies, and limited cross-infestivity between some animal hosts have been 

established (Arlian et al., 1984; Arlian et al., 1988) with evidence of immunological cross-

reactivity among various strains of S. scabiei (Arlian et al., 1996). In addition, although 

recent work by Walton et al. (1999) demonstrated a genetic distance between dog and human 

scabies mites, the distance which exists between scabies mites and house dust mites is much 

greater. In light of the above evidence, it can therefore be assumed that there will be a larger 

number of cross-reactive antigens between var. canis and var. hominis mites than those 

identified between scabies mites and house dust mites. It is therefore expected that 

antibodies generated against antigens from var. canis mites in rabbits will cross-react with a 

significant proportion of antigens from var. hominis mites, thus justifiing its application in 

this study. Furthermore, since the cDNA library is contaminated with human clones it was 

anticipated that the use of antisera from rabbits would reduce the probability of unnecessarily 

isolating human clones which could be detected by antibodies raised against human antigens 

in the mite antigen preparation. 

Western analysis of crude skin and mite protein extracts using rabbit antisera (1:2000 

dilution) and detected with AP-conjugated goat anti-rabbit immunoglobulin (1:2000 dilution) 

demonstrated binding of serum antibodies to at least 12 proteins ranging in size from 

31.7kDa to 204kDa (Figure 3.10). 
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MW (kDa) 

84.0 

A. Anti-human IgG 

4 18.9 

4 7.5 

B. Anti-human IgE 
31.7 

Figure 3.8 Western analysis of crude skin and mite protein extracts with 
pooled crusted scabies patient sera. 
Western blots of crude protein extracts from human skin infested 
with S. scabiei var. hominis mites screened with pooled crusted 
scabies sera (1:1000 dilution) and A) anti-human IgG AP-conjugate 
or B) anti-human IgE AP conjugate. 
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Figure 3.9 Detection of the Derp I homologue of S. scabiei var. hominis. 
Western analysis of crude protein extract of S. scabiei var. 
hominis-infested skin using A) mouse anti-Derp I sera (1:500 
dilution) or B) normal mouse serum (-ye control), and anti-mouse 
immunoglobulin AP-conjugate (1:5000 dilution). 
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Figure 3.10 Western analysis of crude skin and mite protein extract with 
serum from a rabbit infested with var. canis mites. 
Western analySiS of crude protein extract from S. scabiei var. 
hominis-infested skin with serum from a rabbit infested with 
var. canis mites (1:2000 dilution) and anti-rabbit IgG 
AP-conjugate (1:2000). At least 12 IgG-reacting proteins are 
detected (*) 
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3.3 DISCUSSION 

The major success of the work described here has been the generation of amplified libraries 

containing hundreds of thousands of clones suitable for expression screening. PCR works 

best in the amplification of small regions of a few hundred nucleotides, thus longer cDNAs 

are not amplified at the same rate as shorter cDNAs (Eberwine et al., 1992). A decrease in 

the efficiency of PCRs with increasing fragment lengths will make the generation of full-

length cDNAs via this technique somewhat difficult. Hence the amplified libraries described 

here, although relatively short in average length are more likely to be highly representative 

than amplified libraries containing larger inserts. Certainly there are many examples of short 

fused polypeptides being isolated. 

Most of the cDNA synthesis techniques which have been developed require relatively large 

amounts of mRNA which is available from larger organisms but not sarcoptes mites. Often it 

is difficult to obtain mRNA in sufficient amounts to construct cDNA libraries using 

conventional methods. A PCR approach circumvents this problem, allowing for rapid 

exponential amplification of cDNA molecules. Nevertheless, even PCR poses several 

problems such as the under-representation of certain sequences resulting from their minor 

misrepresentation at the end of the first amplification cycle (Korneev et al., 1994). 

Furthermore, mRNAs which are present in low abundance during cDNA synthesis are more 

likely to be underrepresented in the amplified library (Karrer et al., 1995). Construction of a 

PCR-amplified cDNA library from nanogram quantities of S. scabiei mRNA proved to be a 

much more difficult and laborious task than anticipated. Nevertheless, it was achieved. 

Several approaches were tested to determine the most suitable methods for colony 

immunoscreening of the S. scabiei var. horn mis cDNA library. A number of modern 

approaches were evaluated. Chromogenic substrate deposition was found to be the best 

method for the detection of immunoreactive clones. Enhanced chemiluminescence was 

shown to outperform other methods in sensitivity and speed. However, a very important 

pitfall in this method was identified relating to the chemical reaction in this system which 

prevents its application in colony immunoscreening. 

The work presented in this chapter describes the generation of the very first S. scab iei var. 

horninis cDNA library consisting of approximately 200 000 clones and the successful 

establishment of a suitable immunoscreening technique. Western analysis showed that 
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antibodies in sera obtained from crusted scabies patients as well as exposed individuals 

bound to several scabies antigens. 

Antisera from rabbits infested with var. can is mites reacted with at least 12 proteins in crude 

extracts of var. hominis mites. As primary infestations in Arlian's system was shown to lead 

to some protection against subsequent infestation (Arlian et al., 1994), it can be assumed that 

this serum contains protective antibodies and hence it was a valid starting point for the 

identification of cloned vaccine molecules. In contrast, screening with antisera from patients 

was unsuccessful, for reasons which remain unclear. Immunoscreening studies on the 

amplified cDNA libraries described here led to a number of interesting discoveries discussed 

below (Chapter 4). 

In a later part of this project, a new library was generated from a larger amount of the same 

source of mRNA used here (Chapter 5). 
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Chapter 4 

Isolation, and characterisation of cDNA clones encoding 

S. scabiei antigens 

4.1. INTRODUCTION 

Studies on the immune response mechanisms to scabies have been limited by the lack of data 
on mite antigenic molecules. This is directly related to the difficulties in obtaining large 
numbers of mites for research, stemming from the inability to culture sarcoptes mites in 
vitro. Nevertheless, several studies involving animal models have shown that circulating 
antibodies to scabies antigens are produced in infested hosts and a number of the antigens 
responsible for the production of these antibodies have been crudely identified. Despite the 
availability of advanced molecular technology, a lack of the mite material has hindered 
progress in this area of study. 

Isolation and characterisation of antigens responsible for immune responses in infested hosts 
is a necessity in facilitating further studies towards the understanding of cell-mediated and 
humoral immune responses to infestation and the development of a future vaccine against 
scabies. 

The previous chapter described the application of recombinant DNA technology to 
successfully construct a cDNA expression library from S. scabiei var. hominis mites 
obtained from patients with crusted scabies from the Royal Darwin Hospital. This chapter 
describes the identification and characterisation of cDNA clones encoding several scabies 
mite antigens by immunoscreening of the cDNA library based on techniques established in 
Chapter 3. 
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4.2. RESULTS 

4.2.1. Isolation and PCR analysis of Ssag I and Ssag 2 

Sequential immunoscreening of the first 90,000 clones from the random-primed and oligo 
dT-primed cDNA libraries with antisera from rabbits infested with var. canis mites resulted 
in the isolation of two lgG-reacting clones from the random-primed library. Subsequent 
purification and re-screening confirmed that these were indeed immunoreactive clones 
(Figure 4.1). These were named Sarcoptes scabiei antigen 1 (Ssag 1) and Ssag 2. 

Ssag 1 and Ssag 2 were examined by PCR amplification using pGEXf and pGEXr primers 
(Figure 4.2; Table 2.1). The sequences of the DNA inserts were determined; Ssag 1 was 
356bp in length and Ssag 2 was 189bp. Insert-specific forward and reverse primers were 
designed to check whether or not these clones were of mite origin (Table 4.1; Figure 4.3). 
PCR amplification of human DNA, mite DNA, and skin and mite DNA extract with the Ssag 
1- and Ssag 2-specific primers amplified products in mite DNA as well as skin and mite 
DNA extract but not in human DNA. This indicates that both inserts were of mite origin 
(Figure 4.4). 

4.2.2. Ssag I and Ssag 2 sequence analysis 

Database searches on ANGIS with the BLASTx and BLASTn programs were performed on 
the known sequences. Interestingly, Ssag I showed significant sequence homology with the 
D.farinae allergen Mag 1 (Aki et at., 1994b) and the high molecular weight E. maynei M-
177 homologue (Epton et at., 1999). The BLASTn result showed 70% sequence identity (E 
= 3.3e 26) with the nucleotide sequence of Mag 1 (accession no. D13961) and the BLASTx 
search revealed a 74% amino acid sequence identity with Mag 1 (E = 2e 38; accession no. 
P39673) and 72% identity with the E. maynei M-177 homologue (E = 6e 36; accession no. 
Q9U785). Nucleotide sequence alignments of Ssag 1 with Mag 1 and the M-177 homologue 
showing consensus sequences derived from the CLUSTALW program 
(http://www.entigen.com) (Thompson etal., 1994) are given in Appendix C. A diagramatic 
representation of the alignment of the known Ssag 1 sequence relative to the Mag I and M-
177 homologue sequences is illustrated in Figure 4.5. Ssag 1 overlaps with the E. maynei M-
177 homologue gene at the 3' region of the full gene described by Epton et at. (1999). 
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Filter lift of original plate showing identification of a positive clone 
Final screen of purified colony from A 

Figure 4.1 Identification and purification of a positive clone. 
Colony immunoscreening of the eDNA library showing the 
initial identification of an IgG-reacting clone (A) and the final 
screen of the purified colony (B) after successive rounds of 
purification. Arrow in A points to a positive clone. 
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Figure 4.2 PCR analysis of Ssag 1 and Ssag 2 inserts. 
Agarose gel electrophoresis of 1) Ssag 1, 2) Ssag 2, 
3) pGEX4T-2 and 4) dH20 (-ye control) amplified 
with vector oligonucleotide primers. 
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Oligonucleotide primer Sequence (5'..3') I Description 
Ssag 1 clone 
SS445f CCGGGCCATCGAACGG S sag 1 forward primer 

(5'end) 
SS445r CACTTCTCTTCGATTTACC Ssagl reverse primer (3' 

end) 
Ssag1JU CCTTTGACATGAATTTTGCC Ssagl IPCR primer (5'end) 
Ssagl.ID CGATGCTGAATACGAGCC Ssagl IPCR primer (3'end) 
SS445fc CCGTTCGATGGCCCGG SS445f complement for 

nested IPCR 
SS445rc GGTAAPTCGAAGAGAAGTG SS445r complement for 

nested IPCR 
Ssaj! 2 clone 
SS149f CCGGGGAAGAAGATAAGG Ssag2 forward primer (5' 

end) 
SS149r TAGCGACTTTAATAATATCGG Ssag2 reverse primer (3' 

end) 
Ssag2.IU GTTCACTTCTTAGCTCC Ssag2 IPCR primer (5' end) 
Ssag2.ID CGTCATCGAAGATGTCG Ssag2 IPCR primer (3' end) 
SS149fc CCTTATCTTCTT0000GG SS149f complement for 

nested IPCR 
SS149rc CCGATTTATTAAAGTCGCTA SS149r complement for 

nested IPCR 

Table 4.1 Oligonucleotide primers used in Ssag 1 and Ssag 2 studies. 

112 



A 
SS445f Ssagl.ID SS445rc 
- - 

5 , 3,  

SS445fc Ssagl.IU SS445r 

50bp 

B 
SS149f Ssag2.ID SS 149rc 

- - 

5, 3,  

SS149fc Ssag2.IU SS149r 

25bp 

Figure 4.3 Schematic representation of locations of Ssag 1 and Ssag 2 oligonucleotide primers. 
Locations of Ssag 1 and Ssag 2 oligonucleotide primers used in PCR analysis relative to 
the known gene sequence. 

44. 



Chapter 4 

Human DNA 
Skin and mite DNA extract 

3-4) Mite DNA 
Positive control, cloned DNA 
Negative control, dH20 

Figure 4.4 Establishing the origins of Ssag 1 and Ssag 2. 
PCR analysis of!) human DNA; 2) skin and mite DNA; 
3-4) mite DNA; 5) cloned DNA (+ve control); 
and 6) dH20 (-ye control) with A) Ssag 1-specific and 
B) Ssag 2-specific oligonucleotide primers. 
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Figure 4.5 Diagramatic representation of Ssag 1 amino acid sequence alignment with Mag 1 and M-177. 
Location of the 356bp Ssag 1 clone relative to the amino acid sequence of the E. maynei M-177 
homologue and D. farinae Mag 1 antigen. 
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Database searching with Ssag 2 has only very recently been successful (see below). 

4.2.3. Recombinant Ssag I and Ssag 2 protein expression 

To maximise expression levels of the recombinant antigens, re-transformations into Ion 

(protease deficient) E. coli strain BL2I was carried out and the induction efficiency tested 
for both SURE- and BL2 1-transformed clones. 

Batch cultures of both Ssag I and Ssag 2 were prepared (section 2.6.5) and purified over a 
glutathione sepharose 4B column. Electrophoresis on a 12% SDS-PA gel followed by 
coomassie blue staining (sections 2.6.7 and 2.6.8) showed that the Ssag 1-GST and Ssag 2-
GST proteins were approximately 55kDa and 38kDa respectively (Figure 4.6). 

To test the expression levels of the SURE- and BL2 1-transformed clones, 1 00m1 cultures of 
each were prepared and grown to log phase. Aliquots (5m1) were removed at timed intervals 
of 0, 30, 60, 90 and 120 minutes post-induction with 2mM IPTG, centrifuged, sonicated and 
electrophoresed on a 12% SDS-PA gel prior to glutathione purification. Ssag 1 exhibited 

higher levels of expression in SURE cells while Ssag 2 was expressed to a greater degree in 
BL2I cells (Figure 4.7). 

4.2.4. Western blot analysis of rabbit antisera to the fused 
polypeptides 

Antisera from rabbits immunised with the purified recombinant antigens were used to screen 
Western blots of the recombinant proteins. Antisera from these rabbits (1:1000 dilution) 
showed specific binding with the corresponding purified antigens e.g. anti-Ssag I rabbit 
serum reacted strongly with the Ssag I protein extract and minimally or not at all with Ssag 2 

or pGEX4T-2 (Figure 4.8). Hence these antisera were suitable for immunohistochemical 
studies. 
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MW (kDa) 
Ssag 1 Ssag 2 pGEX4T-2 

86.0 —* 

41.5 —* 

33.4 —*- 
NO 

19.5 —* 

Figure 4.6 Size determination of recombinant antigens. 
Expressed fusion proteins Ssag 1, Ssag 2 and pGEX 
mobilised on a 12% SDS-PA gel and stained with 
coomassie blue. Estimated sizes of recombinant 
antigens are 55kDa (Ssag 1) and 38kDa (Ssag 2). 
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A 
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MW (kDa) 

10 
1 2 3 4 5 

Before induction with IPTG 
30 minutes post-induction 
60 minutes post-induction 
90 minutes post-induction 
120 minutes post-induction 

Figure 4.7 Expression of recombinant proteins in 
BL21 and SURE cells. 
Expression levels of A) Ssag 1 in SURE cells and 
B) Ssag 2 in BL21 cells, 1) before induction with IPTG 
and 2-5) every 30 minutes afier induction with 2mM 
IPTG. 
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Rabbit anti-Ssag 2 serum 

Figure 4.8 Western analysis with antisera from immunised rabbits. 
Western blots of purified fusion proteins screened 
with antisera from rabbits immunised with A) Ssag 1 (1:1000 
dilution) and B) Ssag 2 (1:1000 dilution) and detected with 
AP-conjugated monoclonal anti-rabbit Ig (1:1000 dilution). 
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4.2.5. Ssag I and Ssag 2 immunohistochemistry studies 

Immunoperoxidase staining of sections through skin which was highly infested with S. 

scabiei mites (section 2.6.13) demonstrated that both anti-Ssag 1 and anti-Ssag 2 antibodies 

generated in rabbits immunised with the purified recombinant antigens bound strongly to the 

cuticle and internal organs of the scabies mites. Minor staining of the surrounding human 
tissue was observed, however the signal generated from mite bodies was much greater in 
intensity. This result directly demonstrates that the Ssag 1 and Ssag 2 natural antigens are 
mite components (Figures 4.9A-E). The presence of these antigens in mite faecal material or 
salivary gland deposits would result in the staining of material present in the mite burrow. 
Absence of staining within the burrow in Figure 4.9C suggests it is a fresh burrow, 

containing negligible amounts of salivary secretion and no faecal material. The background 
naïve rabbit serum was qualitatively different to the antisera as it stained both the mites and 

human skin at lower intensities (Figure 4.9F). 

4.2.6. Rabbit immunisation challenge trials 

Both recombinant antigens Ssag I and Ssag 2 were used in Prof. Larry Arlian's animal 
model to determine whether or not a protective response was produced to the cloned 
fragments of the genes (section 2.8). The immunisations and mite infestations were 
performed by Dr. Marjorie Morgan. Western blot analysis showed that rabbits produced 
antibodies against Ssag 1 and Ssag 2 (Morgan, personal communication). Upon challenge 
infestations with var. can is mites however, no reduction in the numbers of sarcoptes mites 
propagating on the rabbit ears were observed. Thus it was concluded that the immunised 

rabbits did not develop a protective immune response to the cloned portions of Ssag I and 
Ssag 2. 

The importance of this experiment is that for the first time, the technical capacity to identify 
cloned scabies antigens and to test them for vaccine potential has been demonstrated in this 
work. With the wealth of data originating from the sequencing project (Chapter 5), we have 
already identified a number of antigens that are potential candidates. 
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Figure 4.9A-C Immunoperoxidase staining of skin sections following 
screening with anti-Ssag 1 serum. 
Skin sections containing scabies mites and eggs screened 
with polyclonal antibodies raised against Ssag 1 (A-C) and 
detected with HRP-conjugated biotinylated link anti-mouse 
and anti-rabbit 1g. 
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Figure 4.9D-F Immunoperoxidase staining of skin sections following 
screening with anti-Ssag 2 and rabbit prebleed sera. 
Skin sections containing scabies mites and eggs screened 
with polyclonal antibodies raised against Ssag 2 (D&E) 
and detected with HRP-conjugated biotinylated link 
anti-mouse and anti-rabbit 1g. Also shown is a section 
screened with rabbit pre-bleed serum (F). 
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4.2.7. Identification of larger Ssag I clones via the Scabies Gene 
Discovery Project. 

Recently a Scabies Gene Discovery Project commenced at the Australian Genome Research 
Facility (Queensland, Australia) headed by Prof. Dave Kemp (now at the Queensland 
Institute of Medical Research, Queensland). This project was made possible by the 
availability of the libraries described here. 

The Ssag I gene was found to be relatively abundant in the AZAP cDNA library. 

Identification of overlapping clones from the initial batches of sequences elucidated has 
yielded a total of approximately 80 clones representing 2707bp of the Ssag 1 gene (Figure 
4.10). Based on the size of the full-length gene of the E. maynei M-177 homologue, the Ssag 
1 open reading frame (ORF) is estimated to be approximately 5kb. Several homologues to 
the D. farinae Mag 1 and 3 allergens were identified in pilot studies on clones from the 
phage cDNA library. Among these are OTc06 (1.2kb) and Yv6-6 (1.5kb). These sequences 
were assumed to constitute part of the full Ssagl gene as they showed considerable overlap 
with the Mag 1 and Mag 3 sequences, as well as the high molecular weight E. maynei M-177 
homologue. A schematic amino acid alignment of the relative positions of these clones is 
illustrated in Figure 4.10. ClustalW multiple amino acid sequence alignments are given in 
Appendix C. 

The hydropathy profile of the 2.7kb Ssag 1 ORF was determined using the Protean (Version 
4.05) module of the DNAStar LaserGene analysis package for the Power Macintosh 
(http://www.dnastar.com/)  with the assistance of Dr. Garry Myers (Walter and Elisa Hall 
Institute, Victoria). The analysis was performed using both the Kyte-Doolittle (1982) and 
Hopp-Woods scales (1981). Ssag I was shown to be a highly hydrophilic protein, exhibiting 
a few possible membrane spanning regions (Figure 4.11). 

To test the expression potential of the 2.ZAP Ssag 1 clones, the sequence of some of the 

clones were examined to determine the reading frame and thus whether they were in frame 
with the -galactosidase gene. Clones in the same reading frame as 3-galactosidase were 

induced with 2.5mM IPTG for 4 hours at 370C and proteins from each were analysed by 
SDS-PAGE and Coomassie blue staining. Western blotting and subsequent screening with 
anti-Ssag 1 antibodies raised in rabbits was performed to determine how many clones 
expressed polypeptides containing Ssag 1. 
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Six of the 10 clones examined produced polypeptides reactive with anti-Ssag 1 (Figure 4.12). 

While there was some variation in the amount of protein loaded as revealed by staining a 

parallel gel with Coomassie blue (data not shown), there was no correlation between the 

amount loaded and the intensity of antibody reaction and indeed two of the heavier loaded (8 

and 9) gave no signal. There were a number of bands in each positive track, presumably 

breakdown products, but the pattern was clone-specific, implying that a number of segments 

with start-points varying from 320 to 720 amino acids from the C-terminus have been 

expressed. As the sequence was determined only from the 5' end it was not known whether 

the Ssag 1 sequence was present in individual clones, presumably accounting for apparent 

lack of protein expression in some clones. Because of this, the length of the undegraded 

polypeptide could not be predicted. Among a set of control clones out of frame with f3-

galactosidase which were also examined, some also apparently expressed Ssag 1, 

presumably due to internal initiation. 

It can be concluded from these results that a number of segments along the Ssag 1 molecule 

have been expressed. 

Early efforts made to identify molecules with which Ssag 2 shared sequence identity were 

unsuccessful. The recent input of several S. scabiei var. vulpes cDNA sequences into the 

EST database has opened up another avenue for investigation. A BlastN search of Ssag 2 

against this database identified a strong match (E = 6e 87) with the 5' end of an S. scabiei 

cDNA clone ESSUOIOO (accession no. BG817678), a 540bp fragment, showing 98% 

sequence identity. The FASTA (Pearson and Lipman, 1988) search against the same 

database identified a 98.3% identity over a 176 nucleotide overlap (E = 7.6e 6) of the same 

clone. The function of this molecule is not known. 

4.2.8. Other putative positives 

Several other IgG-reacting clones have been isolated from the random-primed cDNA library. 

These have been named SPH17, SPHSO, SPH85, 5PH235 and 5PH369. 

A plasmid prep of the plated transformants from the entire random-primed cDNA library 

was prepared and re-transformed into BL21 cells to increase expression of recombinant 

proteins and screened with sera from rabbits infested with var. canis mites (section 2.6.2). 

Five 1gG-reacting clones designated BL40.4, BL7I.3, BL83.4, BL94.5 and 131-125.1 were 

isolated from this library with the assistance of Ms Melita McKinnon. 
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Figure 4.10 Alignments of isolated cloned eDNA fragments relative to the E. maynei M-177 homologue 
and D. farinae Mag allergens. 
Relative positions of the cDNA clones OTcO6, Yv6-6 and Ssag 1 compared with the E. maynei 
M-177 homologue and D. farinae Mag 1 and Mag 3 allergens. Also shown is the 2.7kb Ssag 1 
gene sequence deduced so far. 
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Figure 4.11 Ssag 1 hydrophilicity and hydrophobicity plots. 
A comparison of the Kyte-Doolittle and Hopp-Woods hydrophilicity 
and hydrophobicity scales. Regions of hydrophobicity or hydrophilicity 
relative to the full sequence are indicated by the box plots under 
each graph. 
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12 3 4 56 7 8910 +ve-ve MW (kDa) 
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Figure 4.12 Western analysis of Ssagl XZAP clones. 
Western blots of expressed Ssag 1 clones in frame with the 
3-ga1actosidase gene screened with antisera from rabbits 
immunised with Ssag 1 (1:1000 dilution) and detected with 
AP-conjugated monoclonal anti-rabbit Ig (1:1000 dilution). 
Also shown are the Ssag 1-GST purified antigen (+ve) and 
pGEX-4T-2 purified protein (-ye). 
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4.2.8.1. Isolation and characterisation of fusion proteins 

Further characterisation of these clones was carried out using the techniques already 

described for Ssag 1 and Ssag 2. These include PCR analysis to determine the size of 

inserts; partial sequencing and PCR amplification of mite and human DNA with insert-

specific oligonucleotide primers to determine whether or not clones were of mite origin; 

production of antisera to the recombinant antigens; SDS-PA gel electrophoresis to determine 

the size of the recombinant protein; and finally, ELISAs to test for antibody response in 

infested individuals and control subjects. These results are summarised in Table 4.2. 

Most of these clones have only been partially characterised. Clones SPH17, SPH85 and 

SPH369 were shown to be mite-specific antigens by PCR analysis (data not shown). BlastN 

searches against the non-redundant EST database revealed highly significant matches with 

SPH17 and SPH369. SPH17 showed 96% sequence identities (E = 4e 4) with the S. scabiei 

cDNA clones ESSU0313 (accession no. BG817891; 520bp) and ESSU0224 (accession no. 

BG17802; 676bp). Antibodies to these purified recombinant antigens are currently being 

raised in rabbits at the IMVS (section 2.7.2). Both SPH235 and SPH369 displayed 

significant homology with the S. scabiei cDNA clone ESSUO100 (accession no. BG817678), 

with 97% (E = 1e 62) and 96% (E = 1e 54) sequence identities respectively. Interestingly, this 

is the same clone with which Ssag 2 shared significant identity (section 4.2.8). This 

indicates that both SPH235 and SPH369 form part of the full Ssag 2 gene. Both sequences 

overlap with the 149bp Ssag 2 fragment and the EST clone ESSUOIOO as illustrated in 

Figure 4.13. ClustalW nucleotide sequence alignments are given in Appendix C. Antibodies 

to these purified recombinant antigens are currently being raised in rabbits at the JMVS. 
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Clone PCR insert size Recombinant Origin of cDNA from 
(bp) I  protein size (kDa) PCR analysis 

SURE (rwisforinants 

SPH 17 350 40 S. scabiei var. hominis 
SPH 50 600 100 Incomplete 
SPH 85 350 40 Incomplete 
SPH 235 - 310 -- 40 S. scabiei var. hominis 
SPH 369 370 40 S. scabiei var. hominis 
BL21 transformants 

BL40.4 400 - 40 Incomplete 
BL71.3 - 400 - 44 Incomplete 
BL83.4 300 - 44 Incomplete 
BL94.5 350 - 44 Incomplete 
BL125.1 350 -44 incomplete 

Table 4.2 Summary of characterisation of IgG-reacting clones. 

129 



S. scabiei cDNA clone ESSUO 100 

5,  

lOObp  

3,  

Ssag 2 

SPH 235 

SPH 369 

Figure 4.13 Illustration of the nucleotide sequence alignments of Ssag 2 clones relative to the S. scabiei 
var. vulpes eDNA clone ESSU0100. 
Diagram illustrating the positions of Ssag 2, SPH 235 and SPH 369 relative to the 540bp S. scabiei 
ESTESSUO100. 
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4.3. DISCUSSION 

4.3.1. Isolation of the first two S. scabici var. hominis antigens 

Approximately 90 000 clones from the random-primed and oligo dT-primed libraries were 
screened before the first two S. scab iei var. horn mis antigens were identified. Both clones 
generated strong signals and were easily detected in subsequent purification steps. Further 
analysis showed that the inserts in the recombinant antigens were relatively small with Ssag 
1 being 356bp and Ssag 2, 149bp. Ssag 1 and Ssag 2 were shown to be mite-specific by 
PCR analysis. A search of the GenBank database revealed that the Ssag 1 sequence closely 
matched a segment of the deduced sequence of the D. farinae Mag 1 house dust mite 
allergen (Aki et al., 1994a; Aki et al., 1994b). Mag 1 is a recently-isolated IgE-reacting 
cDNA clone corresponding to a 39kDa native antigen in extracts of house dust mite bodies. 
A highly significant match was also obtained with the E. maynei high molecular weight 
protein homologue of M-177 (Epton et al., 1999). M-177 is the natural Mag 3 allergen from 
D. farinae which was isolated by using specific polyclonal antibodies raised against the 
recombinant cDNA Mag 3 clone (Fujikawa et al., 1996; Fujikawa et al., 1998). It is found 
in abundance in fresh extracts of purified house dust mite bodies. In the published work of 
Epton and colleagues (1999) on the E. rnaynei M-177 homologue, the authors proposed that 
the Mag 1 and Mag 3 cDNA clones were in fact part of the same large mRNA transcript. 
This was based on sequence alignments performed with the full cDNA sequence of the E. 
rnaynei M-177 homologue. These results suggest that Ssag 1 may be the S. scabiei 
homologue of the M-177 allergen. This is of interest since both the Mag allergens and the E. 
rnaynei M-177 homologue are highly allergenic and exhibit high IgE binding activity. Cross-
reactivity between the scabies and house dust mites have been demonstrated (Arlian, 1988; 
Arlian et al., 1991), thus it is not surprising that homology between Ssag I and the other 
house dust mite allergens exists. 

Prior to further characterisation studies on Ssag 1 and Ssag 2, the levels of protein expression 
in E. coil were examined. Large amounts of the expressed proteins were required for 
subsequent protein studies involving rabbit immunisations, thus it was necessary to obtain 
maximum expression of these fusion proteins. The BL21 strain of E. coil is a high 
expression strain recommended by the suppliers of pGEX4T-2 for expression of GST fusion 
proteins. Ssag 2 exhibited higher expression levels in BL2I whilst Ssag I expression was 
shown to be greater in SURE cells. 
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4.3.2. Impact of the Scabies Gene Discovery Program 

This program was made possible by the work presented in this Thesis. The mRNA extracted 

in this project (Chapter 3) was an essential element for the initiation of the Scabies Gene 

Discovery Program which has already had a major impact on the results, in particular the 

elucidation of a larger segment of the Ssag 1 gene sequence described below. In addition, 

an abundance of interesting molecules have been identified which may be of value in studies 

towards vaccine development and i mmunod i agnostics. 

4.3.2.1. The Ssag story 

Based on the assumption that Ssag I is the S. scabiei M-177 homologue, the full length of 

the Ssag 1 ORF was estimated to be approximately 5kb in length. Clones isolated from the 

S. scabiei cDNA library which displayed sequence similarity to the Em M-177 or DfMag 

allergens can be assumed to form part of the Ssagl ORF. Two large clones, OTc06 (1.2kb) 

and Yv6-6 (1.5kb), were the first in a series of approximately 80 clones with overlapping 

sequences to be isolated from this primary analysis believed to constitute parts of the Ssag 1 

gene. A 2.7kb Ssag 1 contig has been generated from these derived sequences, representing 

the 3' region of the gene. 

These results indicate the effectiveness of this approach in searching for genetic data. 

Previous attempts at extending the Ssag 1 gene by PCR methods (section 2.5.5) were 

unsuccessful and took up much time due to the difficulties in isolating the 'correct' PCR 

fragments for cloning. In approximately one month from its commencement, the Scabies 

Gene Discovery Project has succeeded in generating over half of the full-length gene 

sequence. 

The hydrophilicity profile of the 2.7kb Ssag I ORF demonstrates the extreme hydrophilicity 

of the protein. Figure 4.11 shows the results of both the Kyte-Doolittle and Hopp-Woods 

scales. The Kyte-Doolittle scale is a hydrophobicity scale in which hydrophobic regions 

achieve a value greater than 0 (Kyte & Doolittle, 1982). The Hopp-Woods scale on the other 

hand, was developed for predicting potential antigenic sites of globular proteins and is 

essentially a hydrophilic index. In contrast to the Kyte-Doolittle scale, hydrophilic regions 

containing polar amino acid residues are assigned a positive value on the Hopp-Woods scale; 

membrane-spanning segments of polypeptides are usually represented by low hydrophobic 

valleys (Hopp, 1989). This scale was designed to locate antigenic and other protein 

interaction sites (Hopp & Woods, 1981). Hydrophilicity analyses are useful in the design of 
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synthetic immunogens. While hydrophobic regions have been detected in the 2.7kb Ssag 1 

contig, it is uncertain whether or not they form membrane-spanning regions or if they merely 

represent partially buried or completely buried portions of the peptide chain. 

Hopp (1989) concluded from observations on interactions between synthetic peptides and 

monoclonal antibodies, that the sites identified in hydrophilicity plots are usually major 

antigenic sites of the native antigen as they are located on the surface of a tertiary protein 

structure and are capable of binding a larger proportion of the antibody molecule. Two 

regions on the Ssag 1 Hopp-Woods scale stand out as being the most likely sites of major 

antigenic determinants, these being at amino acid positions 150 and 400 (Figure 4.10) of the 

known 2.7kb region. 

The first 220 amino acid residues at the N-terminal sequence of the E. maynei M-177 

homologue was shown to be similar to the low solubility insect apolipophorins (Epton et al., 

1999). Further characterisation studies of this protein led to the classification of the high 

molecular weight M-177 as a group 14 apolipophorin-like allergen (Epton et al., 2001a). 

Both the Mag 1 and Mag 3 homologues were also placed in this group of allergens. The 

apolipophorins are lipid-binding proteins associated with the transport of lipid particles of 

the haemolymph (Soulages & Wells, 1996). The N-terminal region of apolipophorins 

contain a series of lipid-binding amino acid motifs and are thus highly hydrophobic in 

nature. Apolipophorins have been described in the haemolymph of other insects including 

the fruit fly Drosophila melanogaster (Kutty et al., 1996), the tsetse fly Glossina morsitans 

morsitans (Ochanda et al., 1991; Ochanda et al., 1992), the wax moth Galleria mellonella 
(limura et al., 1998), the blowfly Lucilia cuprina (Trowell et al., 1994). Low sequence 

identities have been observed between apolipophorins from different insects which suggests 

that they are very old and highly divergent proteins. Nevertheless, these proteins are 

structurally similar, possessing multiple amphipathic helices (Smith et al., 1994; Trowell et 

al., 1994). They are believed to be important allergens based on T cell stimulation studies, 

however the mechanism responsible for the high stimulatory responses have not been 

elucidated (Epton et al. 2001a). 

More recently, Der p  14 was shown to possess characteristics resembling the insect 

vitellogenins, namely its high molecular weight of 187kDa.and female specificity (Epton et 

al., 2001b). Vitellogenins are precursor proteins found in the haemolymph and fat bodies of 

reproductive females. The mature yolk protein, vitellin, is abundant in the egg yolk (James 

& Oliver, 1997; Sappington & Raikhel, 1998). 
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The hydrophilic portion of the Ssag 1 gene elucidated so far represents the C-terminal end of 

the E. maynei M-177 homologue, downstream to the region showing high similarity to the 

apolipohorins. This, in addition to the high sequence divergence described above, may 

explain the difference in hydrophilicity profiles with the house dust mite group 14 allergens 

and the lack of IgE binding demonstrated for Ssag 1. Like Ssag 1, the D. pteronyssinus 

group 14 cDNA clone (Derp 14) was shown to bind rabbit IgG very strongly. The peptide 

activated T-cells to release Th2 cytokines IL-13 and IL-4 in allergic subjects (Epton et al., 

200 Ia). 

Much of the 5' region of the Ssagl gene remains undefined, however with the high 

abundance of the gene in the cDNA library, it is anticipated that most if not all of the gene 

will be deduced in the near future. Protein expression has been demonstrated in clones 

encoding most of the deduced 2.7kb region with significant binding to antibodies generated 

against the original Ssag I clone. These should be valuable in future studies. However, as 

they only became available at the very end of this work it was not possible to study them 

further here. 

As with the Ssag 1 gene, previous attempts at extending the Ssag 2 gene by PCR were 

unsuccessful. However, database searches in this project has identified a 540bp S. scabiei 

EST clone showing significant sequence identity with Ssag 2. In addition, a search of the 

EST database for sequence matches to the other 1gG-reacting clones identified two of these, 

SPH235 and SPH369, as larger segments of the Ssag 2 gene. This indicates that the Ssag 2 

gene is relatively abundant in the cDNA library. However its function remains undefined. 

4.3.3. Immunoscreening studies with rabbit antisera 

Limited data exists on the internal structure of the scabies mite and the identification and 

location of internal organs can only be based on ultrastructural studies performed on its close 

relative the house dust mite (Mumcuoglu & Rufli, 1979; Thomas etal., 1991; van Hage-

Hamsten etal., 1992; Fujikawa etal., 1996). 

Polyclonal antisera from rabbits immunised with the crude skin and mite protein extract or 

the purified recombinant antigens were used in immunoscreening studies of Ssag I and Ssag 

2. Clearly, specific antibodies were obtained. 
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Immunohistochemistry studies were unable to localise Ssag 1 or Ssag 2 to specific mite 

organs. However, the results clearly show that these are mite antigens. Antibodies raised 

against the recombinant Ssag I and Ssag 2 proteins bound strongly to the mite internal 

organs, peripheral tissues and cuticle. In immunological studies on the house dust mite D. 

pteronyssinus, Mumcuoglu and Rufli (1979) observed that mite antigens were partly 

localised in the cuticle. They proposed that the chitin, which is present in all arthropods, 

possessed an antigenic effect and may in fact be the common antigenic component of all 

mites. Tovey and Baldo (1990) also observed cuticular binding of antibodies raised against 

house dust mite body extracts in rabbits. Fujikawa et al. (1996) demonstrated that M-177 

was localised in the peripheral tissues of the mite's oesophagus, gut and other internal organs 

but does not coexist with other mite digestive enzymes. This result is supported by recent 

evidence that the high molecular weight M-177, Mag 1 and Mag 3 allergens are 

haemolymph apolipophorins. The immunohistochemical staining results of Ssag 1 supports 

the hypothesis that it is a vitellogenin-apolipophorin like protein. Ssag 1 antibodies clearly 

bound to peripheral tissues and cuticular components of the mite body as well as the yolk 

within the mite eggs. Non-specific staining of internal organs suggests this is the result of 

smearing of antigens from the blade used in the cutting of skin sections prior to mounting 

onto glass slides. Mite excreta (presumably a component in the burrows) and eggs which did 

not contain a yolk did not stain. Based on these findings and sequence homology results it 

can be concluded that Ssag 1 is the S. scabiei var. hominis homologue of M-177 and a group 

14 allergen. 

4.3.4. Attempts towards evaluation of the human immune response 
to Ssag 1 and 2 

Non-specific binding to both the Ssag 1 and Ssag 2 recombinant antigens was observed in 

EL1SA and Western Blotting studies with human control sera. A considerable amount of 

time and effort were invested in attempts to solve these problems. Several factors which 

were investigated included binding to carbohydrate epitopes (section 2.6.10), cross-reactive 

anti-GST antibodies, and antibodies produced against environmental antigens. However all 

attempts made proved unsuccessful. Time constraints have prevented the presentation of 

results on the human immune response to Ssag 1 and Ssag 2. These will be evaluated in 

future studies on these molecules. 
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4.3.5. The roles of Ssag 1 and Ssag 2 in protective immunity 

In this project the necessary protocols to test scabies antigens for vaccine potential through 
collaborative studies on rabbit immunisation challenge trials were established. The outcome 
of the rabbit immunisation challenge trials showed that antibodies raised against the 
recombinant Ssag 1 and Sag 2 antigens were not protective. Nevertheless, this experiment 
has successfully demonstrated that through collaborations with Prof. Arlian's group we can 
proceed with future studies on the elucidation of the role of other recombinant scabies 
antigens in protective immunity. 

4.3.6. Detection of IgE-reacting clones 

So far in the immunoscreening experiments carried out in this project, no IgE-reacting 
molecules have been isolated. Others have described difficulties with detecting IgE 
responses in ELISAs using sera from patients infested with Schistosoma mansoni and 
Leishmania chagasi (Souza-Atta et al., 1999). The authors concluded that in these patients, 
serum IgG competed with IgE for antigenic epitopes, thus preventing the detection of a 
specific IgE response in these parasite diseases. In addition, IgG4 forms a complex with 
IgE, inhibiting the specific IgE response and subsequently delaying the development of 
protective immunity (Hagan et al., 1991). Depletion of IgG antibodies in the applied sera 
using protein G beads increased the detection of specific IgE positives, however this can lead 
to concomitant depletion of 1gG4-complexed IgE. An effective and more efficient product 
for this application is RF-absorbent, a reagent which blocks the IgG-binding sites, thus 
allowing the detection of IgE antibodies. Future studies with crusted scabies and ordinary 
scabies sera will employ this technique to attempt to increase sensitivity of detection of IgE-
reacting antigens. It is surprising that no IgE-reacting clones were detected during initial 
immunoscreening experiments with crusted scabies sera as IgE levels in the sera of crusted 
scabies patients were extremely high. IgE responses to the native antigen vary to that of the 
degraded products or recombinant antigens. Fujikawa and colleagues (1998) reported that 
fragmentation of the D. farinae native M-1 77 allergen resulted in a wide range of products 
which retained their allergenic activity. Other work on the mite allergen Der f I 
demonstrated that the IgE reactivity of the allergen was sensitive to heat (Yasueda et al., 
1986), while Takai et al. (1997) showed that the IgE reactivity of a cysteine variant of Derf 
TI was markedly reduced compared with that of the wild-type. Consideration of these 
properties will be necessary in future investigations of IgE-reactive clones of S. scabiei. 
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4.3.7. Conclusion 

This chapter describes the successful identification, purification and characterisation of 

cDNA clones encoding the first two S. scab iei var. hominis antigens. Ssag 1 was shown to 

be homologous with the D. farinae Mag I allergen and E. maynei high molecular weight M-

177 homologue. This outcome coupled with immunohistochemical findings strongly support 

the conclusion that Ssag 1 is the S. scabei M-177 homologue and a group 14 allergen. 

Immunisation challenge trials in Prof. Larry Arlian's rabbit model demonstrated that 

antibodies raised against both Ssag I and Ssag 2 were not protective. This result was 

expected of Ssag 1. Due to time constraints, other IgG-reacting clones isolated have not 

been fully characterised, however two of these have been shown to form larger segments of 

the Ssag 2 gene, each containing the sequence of the original 149bp fragment. The protocols 

established for Ssag 1 and Ssag 2 described in Chapters 3 and 4 are currently being applied 

to these other antigens, all of which are potential vaccine candidates. An alternative 

approach to identif'ing vaccine candidates was the direct sequencing of 50 000 clones from 

the S. scabiei var. hominis cDNA library through the Scabies Gene Discovery Project. 

Already, since the commencement of the project in May 2001, a significant amount of 

additional Ssag 1 sequence has been generated. Other results of the Scabies Gene Discovery 

Proj ect to-date will be discussed in Chapter 5. 
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Chapter 5 

The Scabies Gene Discovery Project 

5.1. INTRODUCTION 

Genome sequence information has accumulated at a spectacular rate over the past few years. 

The field of bioinformatics is now at the frontier of scientific research, acquiring much 

publicity with the unravelling of genetic data in the Human Genome Project. The complete 

genomic sequences of Chiamydia pneumonia, Helicobacter pylori and many other microbes 

have been reported. Large-scale sequencing projects are also underway with other 

pathogenic organisms such as Plasmodium falciparum and Leishmania (Nierman et al., 

2000). The scientific community is well aware of the enormous implications for this 

exciting new tool in the areas of molecular evolution, vaccine development, 

immunodiagnostics and above all, the understanding of an organism's full genetic 

composition, biology and disease processes. 

The Scabies Gene Discovery Project was established in May 2001. It is a collaborative 

research project between the Queensland Institute of Medical Research (QIMR), Australian 

Genome Research Facility (AGRF), and Menzies School of Health Research (MSHR), 

funded over two years by the Commonwealth Government as part of the NH&MRC program 

in Medical Genomics. The aim of the project was to establish a S. scabiei EST library by 

sequencing 50 000 clones from the existing S. scab iei var. hominis cDNA library (Chapter 

3). The resulting data will be entered into the EST database for public access, after adhering 

to current NH&MRC guidelines on protection of intellectual property generated from 

NH&MRC funds. 
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There is a critical need for the generation of genetic information on the many scabies 

antigenic molecules which have been identified but remain uncharacterised. To better 

understand the immune responses to this important parasite, there must be a source of 

genetic data to match the accumulated knowledge in other areas of research associated with 

the mite. Only one other group has published work on the molecular biology of scabies. 

Recently, Mattsson et al. (2001) described the successful construction of a S. scabiei cDNA 

expression library using mites isolated from red foxes and the subsequent isolation and 

characterisation of the S. scabiei paramyosin gene. 

The results presented in Chapters 3 and 4 demonstrate the difficulties encountered with work 

on this organism, even with the availability of mite material and the utilisation of modern 

recombinant techniques. Nevertheless, the successful generation of the S. scabiei var. 

hominis cDNA library has allowed us to take another leap forward with the Scabies Gene 

Discovery Project described in this chapter. The results generated in this project will open 

up a new dimension in scabies research with enormous potential for advances in research 

directed at vaccine development and other control measures, as well as progress in the 

understanding of the pathogenesis of the disease. 

5.2. RESULTS AND DISCUSSION 

Results of pairwise and multiple sequence alignments using the ClustalW program through 

ANGIS, showing consensus sequences are given in Appendix C. 

5.2.1. The search for antigenic molecules 

A pilot run of the sequencing project utilised clones from the oligo dT-primed PCR-

amplified cDNA shown in Figure 3.1 cloned into the pUC19 vector. A total of 96 clones 

from the library were sequenced at the AGRF and the resulting data analysed by BLAST 

searches of the GenBank NR Nucleic (NCBI) database for nucleotide sequences and the 

SwissProt and TrEMBL databases for protein sequences through ANGIS by Dr. Deby Holt 

(QIMR, Queensland). This yielded several statistically significant matches with existing 

sequence data in the GenBank database, however the average length of inserts in the 

sequenced clones was only 178bp. The results of this analysis are summarised in Table 5.1. 

The BLASTn search successfully identified a clone (OTc06) with a significant match to an 

existing Dermatophagoides mRNA sequence (E=1e 13) and the high molecular weight E. 
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maynei M-177 homologue (E=1e 7). A BLASTx search with this sequence confirmed the 

homology with the D. farinae Mag 3 (accession no. BAA04558) and E. maynei M-177 

homologue sequences (E=1&22; accession no. AAF14270). 

Another clone, OTeO2, was homologous with the S. scabiei mitochondrial I 6s ribosomal 

RNA sequence (E=1e36; accession nos. AF31 1951, AF31 1952). The 16s gene has been the 

subject of phylogenetic research on ticks (Acari: Ixodida; Black and Piesman, 1994). 

Studies in our laboratory on the molecular evolution and intra-species diversity of scabies 

mites have utilised the highly conserved mitochondrial DNA. 

A third clone, OTf12, produced a significant match (E=1e 7) with mitochondrial DNA from 

several species. The BLASTx analysis defined the clone as the S. scabiei homologue of the 

cytochrome C oxidase subunit III (E=1&17). The cytochrome oxidase III gene has been used 

to assess population structure in the tick Ixodes pacfIcus (Kain et at., unpublished) and may 

be useful as a marker for phylogenetic studies in our projects. 

Of the 96 sequences analysed from this library, 10 gave significant matches (E<0.01) with 

the sequences in the existing database. Of these 10, only the clones mentioned above 

produced highly significant matches (based on E values). BLASTx searches of these 

sequences produced 11 significant matches with existing sequences. The majority of clones 

(43/96) obtained no matches. Overall, 70/96 clones contained inserts of a suitable size 

(average length 178bp) for database analysis. Similarly, 96 clones from the random-primed 

PCR-amplified library were sequenced and analysed. However, no interesting matches were 

obtained (data not shown). 

The sequenator used at the AGRF is capable of reading up to 800bp of sequence from the 

primer site, thus it was important to increase the sizes of cloned inserts to gain the maximum 

benefits from this project as only 50 000 clones were proposed to be sequenced. 

As discussed in Chapter 4, the pGEX4T-2 library was appropriate for antibody screening and 

the average insert size was consistent with high representation. However it was not designed 

for sequencing and offers no simple means of screening for clones with inserts. The 

presence of blue/white selection would greatly facilitate the process of random selection of 

clones for sequencing in this program, instigated approximately 3 years after the initial work 

of this Thesis. Regenerating a cDNA library using the XZAP Express vector system offered 

blue/white selection which is important for the random sequencing proposed in this project. 

In addition, this system has been proven to generate cDNA libraries with large inserts. The 
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ZAP Express cDNA Synthesis Kit was successful in generating a S. scabiei cDNA library 
with insert sizes ranging from 700bp to 1.6kb. 

5.2.2. Construction of an S. scabiei cDNA phage library 

Methods developed in Chapter 3 for mRNA isolation, cDNA synthesis and cloning are 
pivotal to the success of this project. Successful construction of the phage cDNA library 
from mRNA that I supplied was achieved by Dr. Katja Fischer (QIMR, Queensland) as 
described in section 2.5.3. The three primary sublibraries Yv4, Yv5 and Yv6 generated with 
the ZAP Express®  cDNA Synthesis Kit yielded a total of 300 000 independent clones. The 
titers of the amplified libraries were estimated to be 2.7x109  pfulml (Yv4), 1.5x1010  pfulm! 
(Yv5) and 4.0x 10 pfu/ml (Yv6). Approximately 90% of the amplified libraries were 
comprised of recombinant clones. As mentioned previously (Chapter 3), BLAST searches 
on a number of randomly selected clones against the GenBank NR Nucleic (NCBI) database 
revealed only 5% contamination with human clones. This library contained larger inserts 
compared to the original PCR-amplified cDNA libraries described in Chapter 3. The 
properties of each of the sublibraries are summarised in Table 5.2. 

5.2.3. Sequence analysis of phagemid clones 

The likelihood of obtaining significant sequence matches was greater with the phage cDNA 
sublibraries because of the larger insert sizes. To validate the efficacy of this library, a total 
of 22 clones were initially sequenced at the AGRF and analysed as above. Several 
interesting molecules were identified. A BLASTn search identified a clone (1303025) 
homologous with the S. scabiei paramyosin clone (E1e 32; accession no. A173 17670) from 
fox mites (Mattsson et al., 2001). The recombinant S. scabiei var. vulpes paramyosin was 
initially isolated using antisera from dogs and swine. It was found to be an important 
immunogen although its affect on the host's immune system remains to be clarified. 
Paramyosin can be used as a marker for studies in genetic evolution of the mite because of 
its highly conserved epitopes. 
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Fe 5.1 BLAST analysis of clones from the Oligo dT-primed PCR—amplified cDNA library. 

BLASTn and BLASTx searches of the NR Nucleic database showing matches of clones with existing sequences based 
on E-values. The size of cloned eDNA inserts are given in the second column. 

Note: E = probability of a match occurring by chance alone, independent of the lengths of sequences; E<0.01 is 
considered statistically significant. 

Insert 

size 

(bp) 

BLASTn of NR Nucleic database BLASTx of NR Nucleic database 

H 132 Best F = 1.1 No matches 
)2 99 E = 0.0 13 Drosophila, very small No matches 
)3 151 E = 0.021 Schistosoma mRNA for myosin E = 1e 7  various myosin 
)4 222 E = 0.008 gDNAs (gaaaaa repeats) No matches 
)5 192 E = 0.028 Rhodomonas mitochondrial DNA Best E = 4.5 
)7 130 Best E 1.1 No matches 
)8 109 E = 0.089 human, very small No matches 
)9 276 E = 0.64 various gDNA, very small No matches 
10 162 E = 0.023 various gDNA, very small No matches 
Li 142 E = 0.31 various gDNA, very small No matches 
12 194 Best E = 1.6 gDNA E = I e 8  elongation factor 1 beta chain 



Table 5.1 continued.... 

OTbOl 94 E = 0.19 various gDNA, repeat No matches 

OTbO2 450 E = 0.27 human, very small No matches 

OTbO3 124 E = 0.26 various gDNA, very small No matches 

OTbO7 86 E = 0.66 various gDNA, very small No matches 

OTbO9 80 E = 0.15 human, very small No matches 

OTb1O 101 E = 0.052 Bacillus, very small No matches 

OTbil 174 E = 0.099 human, very small E = 2.1 various putative mouse proteins 

OTcOl 60 E = 0.41 human, C. elegans, very small No matches 

OTcO3 368 E = 0.014 human, very small E = 1e 4  phosphatidylinositol glycan 

OTcO4 139 Best E = 1.2 E = 1e 4  hypothetical C. elegans protein 

OTcO5 156 E = 0.087 human, tobacco, very small No matches 

OTcO6 221 E = i&' 3  Dermatophagoides mkNA, 

E= 1 e 7  Euroglyphus M- 177 

F 1e 22  D.farinae Mag3, E. maynei M-177 

OTcO7 151 E = 0.33 Drosophila, human, very small No matches 

OTcO9 173 Best E = 1.5 E = 1e 4  misc proteins, K-rich regions 

OTc1O 200 E = 1e 4  human (repeat sequence) E = 1e'4  proline rich (gaa) 

OTc12 156 E = 0.001 human, very small No matches 

OTdO2 618 Best E = 1.5 E = 1e 0  hypothetical cysteine rich C elegans proteins 
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IOTdO3 1138 IE = 0.3 human, small INo matches I 

Table 5.1 continued.... 

OTdO4 113 E = 0.015 C. elegans, very small No matches 
OTdO5 84 E = 0.65 human, very small No matches 
OTdO6 127 E = 0.069 C. elegans, very small No matches 
OTdO7 140 E = 0.005 human, very small No matches 
OTdO8 321 E = 0.048 Drosophila, very small No matches 
OTdO9 203 E = 0.03 human, mouse, small E = 0.69 Lactococcus, small 
OTd1O 93 E = 0.0 19 human, small No matches 
OTd12 224 E = 0.008 cytochrome b (mito), doesn't match over full length No matches, BLASTp no matches 
OTeO2 124 E = le S .scabei 16S rRNA mitochondrial - 

OTeO3 125 E = 0.066 Drosophila gDNA, small Best E = 3.7 
OTeO4 132 E = 0.28 various gDNA, small No matches 
OTeO6 197 E = 0.11 Drosophila, small E = 0.004 glycinamide ribonucleotide transformylase 
OTeO7 207 E = 0.47 human, small No matches 
OTeO8 56 No matches No matches 
OTeO9 93 Best E = 2.9 No matches 
OTelO 271 E = 0.16 gDNA, very small E = 0.85 cress 
OTell 94 E = 0.78 cytochrome b (mitochondrial) No matches, BLASTp no matches 



IOTe12 1224 (E = 0.51 various gDNA, very small (No matches I 

Table 5.1 continued.... 

OTW1 80 Best E = 2.4 No matches 

OT4 133 E = 0.29 Drosophila gDNA, very small E = 1e 4  various dynactin 

OTf05 190 E = 0.43 human, very small Best E = 5.9 

OT6 273 E = 0.01 human FAT tumour suppressor, small Best E = 3.3 
OTf07 278 E = 0.65 mitochondrial sequence, small E = 7.7 myb-related protein 
OTf08 180 E = 0.4 C. elegans, very small E = 0.0 17 human hypothetical protein 
OT9 267 E = 0.62 human gDNA, very small E = 1.1 RNA pol II cress 
OTf1O 62 E = 0.11 C. elegans gDNA, small No matches 
OTfil 143 E = 0.31 cress gDNA, very small No matches 
OTf12 324 E = 1e 7  mitochondrial DNA, lots of species E = 10' Cytochrome C oxidase subunit III 
OTgO1 124 E = 0.26 human, small Best E = 2.8 delta-24-sterol methyltransferase 
OTgO2 47 E = 0.018 lots of human No matches 
OTgO3 76 E = best 0.57 human, cress, very small Best E = 3.0 
OTgO4 288 E = 0.043 human, very small Best E = 1.7 hypothetical protein Campylobacter 
OTgO5 151 E = 0.084 Drosophila gDNA E = 1.2 human hypothetical protein 
OTgO7 128 E = 0.0 18 bacteriophage, small E = 0.97 cress hypothetical protein 



OTg08 226 E = 0.008 cytochrome b (mitochondrial) No matches, BLASTp no matches 
OTg09 312 E = 0.7 human, very small E = 10 kinetoplast associated protein Tc (Erich) 

Table 5.1 continued.... 

0Tg1O 84 E = 0.16 cress gDNA, very small No matches 
0Tg12 138 E = 0.076 C. elegans, very small Best E = 8.1 
0Th03 184 Best E = 6.5 No matches 
0Th04 195 E = 1e 4  S. cereviseae gDNA E = 0.69 calsequestrin 
0Th05 109 E = 0.89 various gDNA No matches 
0Th06 64 E = 0.45 Drosophila, small No matches 
0Th08 254 E = 0.01 cress, very small No matches 
0Th09 50 No matches No matches 
0Th 10 99 E = 0.56 cress, small Best E = 6.5 
OThil 319 E = 0.19 human, very small Best E = 7.2 
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Sublibrary Largest insert 

found (bp) 

Smallest insert 

found (bp) 

Average insert 

size (bp) 

Titer of 

amplified 

library (pfu/ml) 

Yv4 2500 700 1600 2.7x 10' 
Yv5 2200 300 1100 1.5x10'0  

Yv6 1800 300 800 4.0x 10 

Table 5.2 Properties of the S. scabiei var. hominis phage eDNA sublibraries 

Yv4, Yv5 and Yv6. 

Physical properties of the eDNA sublibraries based on PCR analysis of 20 

random clones from each. 
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Another clone, A08053, closely matched a Psoroptes glutathione S-transferase protein 
(E=l&5; accession no. AF078684). The BLASTx search of this sequence revealed a highly 
significant match with the glutathione S-transferase major D. pteronyssinus allergen (E1 e 
82; accession no. AAB3224). Clone A08053 was homologous with the GST proteins from 
the Psoroptes mite and the highly allergenic D. pteronyssinus GST protein. The cDNA 
clone of the D. pteronyssinus GST belongs to the 25.5kDa Group 8 allergens of the house 
dust mites which are thought to play a major role in detoxification (O'Neill et al., 1994). Its 
shared identity with these allergens makes the 817bp S. scabiei GST-homologue a potential 
candidate for a scabies vaccine and investigations into its immunogenicity will be the next 
stage in the characterisation of this molecule. 

The BLASTx results of other clones identified several homologues of other sequenced 
proteins with 16/22 possessing E<0.01. The results of this pilot run are summarised in Table 
5.3. 

The contents of the Yv4, Yv5 and Yv6 sublibraries were examined by random sequencing of 
20 clones from each at the QIMR sequencing lab by Mr. Danny Wilson. The average length 
of the sequence runs were 769bp (Yv4), 690bp (Yv5) and 775 (Yv6). Several close matches 
to existing sequences within the GenBank database were obtained. Of particular interest is 
clone 12 of the Yv4 sublibrary (Yv4- 12), the 1.2kb insert displayed significant homology 
with cysteine proteases, in particular the Boophilus microplus cathepsin L-like enzyme 
(E=1e 5; accession no. AAF61565). This is a cysteine protease with optimal enzyme activity 
occurring at an acidic pH . The gene is expressed in tick larvae RNA and has been 
implicated as a potential target for chemotherapy or an immunogen in a vaccine for 
Boophilus (Renard et al., 2000). The Group I allergens of the house dust mites are cysteine 
proteases which are recognised by most mite-allergic individuals (Stewart, 1995). They are 
found in whole body and faecal extracts and are synthesised by cells which line the 
gastrointestinal tract of the mite. Thus, characterisation of the Yv4-12 clone may unveil a 
vaccine candidate for S. scabiei. 

Another clone of interest was clone 6 of the Yv6 sublibrary (Yv6-6), the 1.5kb insert was 
homologous with the D. farinae Mag I allergen (E=l&53; accession no. BAA03064) 
discussed earlier. Several clones homologous with the house dust mite allergens E. maynei 
M-177 homologue and D. farinae Mag 1 or Mag 3 were identified in this primary analysis 
(described in Chapter 4). The results of this sequencing work are summarised in Table 5.4. 
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Clone Insert size (bp) BLASTn of GenBank database BLASTX of GenBank database 
A03017 881 E = 0.58 Lactococcus E = 1e 23  actin binding protein 
A04022 805 E = 0.034 human E = 1 e 22  serine threonine kinase 
A05033 111 E = 3.8 Drosophila No matches 
A06037 837 E = 0.14 C. elegans E = 3.7 Drosophila 
A07049 877 E = 0.57 C. elegans E = 0.78 Mycoplasma 
A08053 817 E = 1e 5  Psoroples glutathione S-transferase E = 1e 82  glutathione S4ransferase - a major Dp allergen 
A09065 799 E = 0.13 Lycopersicon 5' (450bp) E = 1e 29  nucleotide binding protein 

3' (250bp) E = 1e'°  3'-phosphoadenosine-5'- 
phosphosuiphate synthetase 

A10069 708 E = 0.12 human E = 0.071 S. cereviseae 
A11081 794 E = 0.13 mouse E = 4.5 mouse 
A12085 920 E = 108 human(small, not great) E = 

 10-5 
1  hypothetical protein mouse and human 

c) 

Table 5.3 BLAST analysis of clones from the phage cDNA library sequenced at the AGRF. 
BLASTn and BLASTx searches of the GenBank database showing matches of clones with existing sequences based on E-values. 
The sizes of cloned cDNA inserts are given in the second column. 

Note: E = probability of a match occurring by chance alone, independent of the lengths of sequences; E0.01 is considered statistically 
significant. 



Table 5.3 continued.... 

B01009 826 E = 0.14 human E = 1e 3  hypothetical protein Drosophila, tethering factor 
human 

B02013 851 E = 0.14 Phlebotomus E = I e 9  translation initiation factor 3 
B03025 112 E = le 31  S. scabzei paramyosin E = 8.6 paramyosin 
B04029 877 E = 0.57 C. elegans E = 1e 1 ' mouse, human cancer cell growth inhibitor 
B05041 626 E = 1e'°8  human E = 1e 35  hypothetical human protein 
B06045 833 E=0.54rat E6.2Arabidopsis 
B07057 763 E = I e 8  Drosophila E = 1 e 2°  vacuolar ATP synthase 
B08061 753 E = 0.49 Streptomyces E = I e Entamoeba unknown protein (glutamine rich) 
B09073 823 E = 0.034 Bos taurus E =1e 62  ubiquitin C terminal hydrolase 
B10077 743 E = 0.12 Arabidopsis E = I e glycogenin (not full length match) 
B11089 622 E = 0.1 human E = 1e 25  peroxidase 
B12093 893 E = 0.037 human E = 1e 13  hypothetical protein, progesterone receptor 

related protein 



1 2.5 581 E = 1e 12 ' 28S rRNA E = 1e 12  putative human integral membrane protein 
2 1.3 760 E = 0.12 human E = 0.5 ribonucleotide reductase 
3 2.0 515 E =0.005 human No matches 
4 0.8 756 E=0.12 human E= 1e 9  mariner transposase 
5 0.9 728 E = 0.008 human E = 1e 39  organic anion transporting polypeptide 
6 2.5 760 E = 0.12 C. elegans B = 1e 3' calcium binding mitochondrial protein 

(Drosophila) 
7 0.9 771 E = 0.008 C. elegans No matches 
8 2.5 761 E = 0.49 human E = 1e 16  DNAse II 
9 2.2 771 E = 0.5 human E = 1e 28  midge CPY protein, hypothetical human and 

Drosophila proteins 

UI 

UI 

Table 5.4 BLAST analysis of clones from the phage cDNA sublibraries Yv4, Yv5 and Yv6 sequenced at QIMR. 
BLASTn and BLASTx searches of the GenBank database showing matches of clones with existing sequences based on E-values. 
The sizes of cloned cDNA inserts and regions sequenced are given in the second column. 
Note: E = probability of a match occurring by chance alone, independent of the lengths of sequences; E<0.01 is considered statistically 
significant. 

Clone Insert size (kb) Sequenced (bp) BLASTn of GenBank database 
) 

BLASTx of GenBank Database 
Yv4 sublibrary 



Table 5.4 continued.... 

10 1.4 761 E = 1e'2  S. cereviseae E = 1e 67  ATP specific succinyl CoA synthetase 

subunit (human) 

11 1 .1 740 E = 0.48 Mycobacterium B = 1e 23  sphingosine kinase I 

12 1.2 765 E = 0.032 C. elegans E - 1e cathepsin protease precursor (Boophilus), 

E = ic"'4  cysteine protcase 

13 0.7 630 E= ie 26  18SrRNA Noniatches 

14 0.8 763 E = 0.002Arabidopsis E = 1.1 Arabidopsis transcription factor 

15 2.4 617 E = 0.4 Arabidopsis E = 1e 54  mosquito immune factor, e-32 NF kappa B 

transcription factor 

16 2.0 541 E= 1.4 Drosophila E0.72Arabidopsis 

17 0.9 743 E = 0.12 Drosophila E = 1e 3' adenylyl cyclase associated protein 

18 1.6 759 E = 0 human chromosome 10 E = I e'33 Alu repeat 

19 2.5 658 E = 0.42 S. cereviseae E = 1e 15  acyl CoA dehydrogenase (mitochondrial) 

20 1.4 759 E=1e'3 human E=5.5 C. elegans 

Yv5 sublibrary 

1 1.1 770 E = 0.13 human Best E = 7.4 

2 1.0 755 E = 1.9 human E = 1e 56  epoxide hydrolase I 

3 783 E = 0.51 mouse E = 1e 33  filamin (actin binding protein) 

4 2.0 108 E = 0.059 human No matches 



Table 5.4 continued.... 

5 1.3 525 E = 0.022 Staphylococcus No matches 

6 0.3 224 E = 0.034 Drosophila E = 2.6 probable glycosyl transferase 

7 0.8 607 E = 1.5 human E = 1e 3  hypothetical protein C. elegans (cysteine 

rich) 

8 0.8 570 E = 1e 23  various E = 1e 6  cytochrome oxidase subunit II 

9 0.8 527 E = 0.34 Synechocystis E = I e 6  glycine rich protein (glycines mostly) 

10 0.5 672 E = 0.11 Arabidopsis E = 1e 9  myoloid leukemia factor 1 (mouse) 

11 0.8 612 E = 1.6 human E = 1e 10  hypothetical protein C. elegans (cysteine 

rich) 

12 2.2 758 E = 0.12 Arabidopsis No matches 

13 1.6 727 E = 0.12 Drosophila E = 1e 34  hypothetical protein (5 'end), E = 1e 8  

probable oxidoreductase (3' end) 

14 1.8 585 E = 0.095 P. falciparum No matches 

15 0.3 215 E = 0.13 C. elegans No matches 

16 0.5 765 E = 28S rRNA E = 1e 48  putative sensence associated protein (Pisum) 

17 2.0 667 E = Ie'°  S. cereviseae chIT B = 1e 95  DNA replication licencing factor MCM2 

18 1.2 746 E = I e C. elegans No matches 

19 0.8 595 E0.38Arabidopsis E= 1e 17 Drosophilageneproduct 

20 1.7 656 E = 0.42 S. cereviseae E = Ie 5' folate transporter/carrier (mitochondrial) 

c) 



Yv6 sublibrary 

1 1.0 648 E = 0.42 S. cereviaeae E = 1e 7  folate transporter/carrier 
2 1.5 765 E = I e 9  Rickettsia gDNA E = 1 e 68  succinate dehydrogenase 
3 0.8 675 E=0.11human E2.0Pyrococcus 
4 1.0 735 E = 1.9 bean dwarf virus E = 1e 33  f-box and leucine rich protein 
5 0.8 645 E = 0.027 C. elegans E = 1e 48  DNA J protein 
6 1.5 546 E = 0.35 Arabidopsis E = 1e 53  D.farinae mag allergen 
7 0.8 704 E = 0.007 C. elegans E = 0.32 mouse 
8 0.7 718 E=0.47human E5.2Arabidopsis 
9 0.7 538 E = I e 5  Propiongenium gene No matches 

10 1.8 713 E = 0.03 human No matches 
11 0.7 645 E = 1e 5  Brugia FK bp 12 E = 1e 46  FK506 binding protein 
12 0.6 391 E = 0.25 Synechocystis E = 0.003 glycine rich protein (carrot) 
13 0.3 510 E = 0.33 human E = 1e" heat shock protein (essential), alpha 

crystallin B 
14 0.7 598 E = 0.098 human No matches 
15 0.7 586 E = 1e 4  C. elegans No matches 
16 1.6 488 E = 28S rRNA E = 1e 48  putative sensence associated protein (Pisum) 
17 0.5 826 E = Ie 59  subunit I E = 1e 77  cytochrome oxidase C subunit I 
18 0.6 654 E = 0.11 Marchantia No matches 



Table 5.4 continued.... 

19 1.1 824 E = 0.14 human E = 1e 44  hypothetical protein 
20 0.5 502 B = 0.005 Xenopus E = I e 18  b,b-carotene 
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Sequencing of a further 138 clones from the Yv4 sublibrary at the AGRF showed strong 
matches of several clones (70/138) with existing scabies cDNA sequences in the EST 
database. Other clones showed sequence similarity to other invertebrate sequences (data not 
shown). 

5.3. CONCLUSION 

The work presented in this chapter describes preliminary results obtained from the first two 
months of the Scabies Genomics Project. Previous chapters have discussed the use of 
immunodetection techniques to identify antibody-reactive molecules from the cDNA library. 
These methods were successful in identifying antigenic clones emitting strong signals, 
however the isolation of positives is highly subjective and weak positives may be missed. 
Further, the process of identifying, isolating and purifying positive clones was very labour 
intensive. As an alternative to these methods, the direct sequencing of cloned cDNA 
fragments and analysis using bioinformatics tools was proposed. The Scabies Gene 
Discovery Project would facilitate research on the identification of scabies antigens whilst 
concomitantly generating much needed data on the sarcoptes mite. Even in its infancy, the 
project has generated several molecules of interest through similarities to other characterised 
sequences in the database. To date, only approximately 3000 of the proposed 50 000 clones 
have been sequenced and analysed. Arrangements have been made to generate data for 2000 
sequences each month over the course of the project. 

Other sequences which will be isolated for further study from this work fall into three main 
categories. The first are potential vaccine candidates. These will include any clones 
showing homology with other molecules which have been implicated in this function. One 
group of proteins include the membrane associated gut antigens from the house dust mites 
and tick Boophilus microplus. Histology studies show that the gut of the scabies mite 
occupies a large proportion of the mite's body, thus it is expected that antigens associated 
with this organ will be in abundance in the cDNA library. This approach for identifying 
vaccine candidates has proved successful in studies on the tick Boophilus microplus, with the 
production of a commercial vaccine targeting a membrane-bound glycoprotein, Bm86, found 
on the surface of digest cells of the parasite's gut. Homologues of the house dust mite 
allergens will also be closely examined. 

The second category of molecules to be analysed are those which may be utilised in the 
study of molecular evolution of the mite and genotyping studies of mites from different host 
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populations. A third category includes multi-drug resistance genes and proteins which may 

be potential drug targets in therapeutic studies. The identification of these genes would 

greatly facilitate the development of several projects which are currently underway in our 

laboratory to investigate various aspects of the scabies mites. 
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w. k 

Chapter 6 

•• 1: 

Concluding remarks 

Scabies is a disease affecting a large number of human and non-human hosts. It has 

continued to cause much misery among sufferers for hundreds of years. Present estimates of 

the incidence of scabies in approximately 300 million people worldwide at any point in time 

suggests the disease is relatively difficult to control. In Aboriginal communities in Northern 

Australia, point prevalences of up to 65% in children have been reported. In addition, 

widespread sarcoptic mange in livestock has become an enormous economic burden to major 

industries such as the pig industry (Davis and Moon 1990; Davies et al. 1996). 

Current treatments in use today offer only temporary relief for the majority of crusted 

scabies patients and without continual treatment upon discharge from hospitals, patients 

often return with more severe manifestations. The emerging drug tolerance observed in S. 

scabiei var. horn mis mites from crusted scabies patients and the reduced drug efficacy 

demonstrated in the treatment of patients with recurrent crusted scabies is of great concern 

among medical personnel. Control measures implemented to control epidemics in 

Aboriginal communities in the Northern Territory have been largely unsuccessful. 

A vaccine for scabies would have the capacity to provide high level protection against 

scabies without unpleasant side-effects to the host. In addition, it offers long-term control of 

the disease and is potentially a more cost-effective alternative to the re-treatment or 

prophylaxis of patients and livestock who frequently present with reinfestations. 

158 



Chapter 6 

Success demonstrated in the control of other ectoparasites through vaccination of hosts with 

concealed antigens, including Bm86 of B. microplus, PM44 of L. cuprina and HI I of H. 

contortus, suggests that a vaccine against scabies may be realistic. 

Difficulties in obtaining sufficient mite numbers for molecular research has limited progress 

in the understanding of the disease processes due to a lack of characterised scabies antigens. 

The work presented in this Thesis describes the construction of the first S. scabiei var. 

horninis cDNA libraries (Chapters 3 & 5). Prior to the commencement of this project, no 

mRNA had been isolated from scabies mites for studies directed at the isolation of cloned 

genes. Mattsson et al. (2001) have recently published the successful construction of a S. 

scabiei cDNA library, however the mRNA source of this library was fox mites. While 

conflicting evidence exists on whether or not different varieties of scabies mites are of the 

same species, a var. horn mis library would be more suitable for studies directed at 

elucidating the immune responses to infestation in human hosts and the identification of 

candidate molecules for vaccine development. 

Screening of the library with antisera raised in hyperinfested rabbits led to the identification 

of several antigens (Chapter 4). The first of these, Ssag 1 has been shown to be the scabies 

homologue of the house dust mite Group 14 allergens. These proteins are characteristic of 

the apolipophorins involved in lipid transport within the mite, as well as the female-specific 

vitellogenins which are found in the haemolymph and fat body of reproductive females and 

in eggs as the mature protein vitellin (James and Oliver 1997; Epton et al. 2001). Group 14 

allergens have only recently been isolated and much remains to be elucidated about these 

molecules. However their demonstrated ability to strongly activate the immune system 

suggests that the group 14 allergens are important inducers of allergic responses to mites in 

sensitised individuals and in the regulation of specific immune responses of individuals who 

are not allergic to mites (Epton et al. 2001; Epton et al. 2001). 

While major interest is focussed on potential vaccine candidates, the isolation of the S. 

scabiei var. horn mis antigens above using sera from rabbits infested with dog mites 

demonstrates that these antigens are immunodiagnostic molecules and are thus of great 

commercial significance. The development of a simple immunological test involving these 

molecules for the rapid diagnosis of the disease will resolve the problem of frequent 

misdiagnosis and could have considerable impact on the control of scabies. 
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The first two scabies antigens, Ssag I and Ssag 2, from the amplified cDNA library were 

further characterised and in the course of this study, several necessary procedures were 

established. The first of these is the immunisation of rabbits to generate specific antibodies 

to the recombinant antigen for subsequent immunohistochemistry analyses to localise the 

antigens within the mite bodies. Another major protocol is the immmunisation challenge 

trials in collaboration with Professor Larry Arlian and Dr. Marjorie Morgan using their 

animal model to investigate the protective nature of cloned scabies antigens. 

The results generated in this project led to the establishment of the Scabies Gene Discovery 

Project (Chapters 4 & 5) which utilised the same mRNA source to generate a XZAP cDNA 

library suitable for random sequencing. High throughput sequencing of 50 000 clones over a 

period of two years should identify a number of important genes including candidate 

allergens, immunodiagnostic molecules and vaccine molecules. The data generated will 

form the basis of a scabies EST database for public access. In its infancy, the project has 

already shown incredible promise through the identification of several molecules which fall 

into the above categories. These include a number of scabies homologues of the highly 

allergenic house dust mite gut antigens and a scabies-GST protein. The sequence data 

generated has also facilitated the rapid extension of the Ssag 1 and Ssag 2 genes which was 

unsuccessful in previous attempts using PCR approaches (Chapter 3). 

Whilst most vaccines developed against 'concealed' antigens are based on a single molecule, 

evidence exists that a second 'concealed' antigen may enhance the efficacy of the primary 

antigen when used in the same vaccine. This was demonstrated by the Bm9I antigen of B. 

microplus which increased the antigenic capacity of Bm86 when they were administered 

concomitantly compared to that of Bm86 alone. It is therefore possible that a vaccine 

against scabies containing a cocktail of scabies homologues of the house dust mite gut 

antigens, Bm86 and any other gut antigens will effectively inhibit digestion in the scabies 

mites and hence be protective. An added benefit of immunisations with 'concealed' antigens 

against scabies is the reduced need for frequent re-vaccinations. Scabies mites which die in 

the epidermal burrows have been shown to be more antigenic than live mites (Hewitt et al. 

1973). Hence it can be assumed that 'concealed' antigens which have been synthesised by 

these mites will be released into the burrows upon degradation of mite bodies and act as a 

source of antigen replenishment for the host to maintain sufficient antibody titers for mite 

control. 

Potential complications associated with the administration of a vaccine to sensitised 

individuals is an important consideration in the development of a scabies vaccine. 
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Chapter 6 

Individuals who are already sensitised to allergens from other mites may develop a 

potentially fatal allergic reaction upon exposure to these allergens through a vaccine. Hence 

it is crucial that tests are initially performed in animal models and a thorough understanding 

of the physiological responses to these immunisations is achieved before a vaccine for 

humans is developed. 

As it is a major veterinary problem internationally, a commercial vaccine against scabies 

would be of great economical benefit. Demonstrations of vaccine efficacy in animals during 

developmental stages would facilitate the development of a vaccine for humans. In the long 

term, a vaccine against scabies would offer numerous benefits and greatly improve the 

quality of life for many sufferers worldwide. 

In summary, the work described in this thesis has paved the way for future use of these 

powerful techniques on other scabies molecules implicated as vaccine candidates or 

immunodiagnostic molecules. 
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APPENDIXA - Basic Media and Solutions 

Agarose loading dye 0.05% w/v bromophenol blue, 0.05% xylene cyanol, 

20mM EDTA, 95% formamide 

LB 10% w/v tryptone, 0.5% w/v yeast extract, 0,5% w/v NaCl 

LB agar 10% w/v tryptone, 0.5% w/v yeast extract, 0,5% w/v NaCl, 

1.5% w/v agar 

NZY agar 0.5% w/v NaCl, 0.2% w/v MgSO4.7H20, 0.5% w/v yeast 

extract, 1% w/v NZ amine (casein hydrolysate), 1 .5% w/v agar, 

pH 7.5 

NZY top agar 0.5% w/v NaCl, 0.2% wlv MgSO4.7H20, 0.5% w/v yeast 

extract; 1% w/v NZ amine (casein hydrolysate), 0.7% w/v 

agarose, pH 7.5 

Soc medium 2% w/v tryptone, 0.5% w/v yeast extract, 10mM NaCl, 

2.5mM KCI, 10mM M902.6H20, 10mM MgSO4.7H20, 

20mM glucose 

SDS loading dye 500mM Tris-HCI, IM DTT, 20% w/v SDS, 1% w/v 

bromophenol blue, 50% glycerol, pH 6.8 

Top agarose 1% w/v tryptone, 0.8% w/v agarose, 10mM MgSO4, 

0.5% w/v NaCl 

2YT 1.6% w/v tryptone, 1% w/v yeast extract, 0.5% w/v NaCl 

2YT agar 1.6% w/v tryptone, 1% w/v yeast extract, 0.5% NaCl, 

1.5% w/v agar 
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APPENDIX B - Genotypes of E. coli strains used in this study 

SURE e14(mcrA) 6 (mcrCB-hsdSMR-mrr)l7l endAl supE44 thi-] gyrA96 

re/A] lac recB recJsbcC umuC.: TO (Kanr) uvrC [F' proAB 

lacFZM]5 TnlO (Tetr)] 

BL21 B F- dcm ompThsdS(rB ma) gal 

DH5a supE44 n1acU169 (080 /acZM15) hsdR]7 recAl gyrA96 thi-1 re/A] 

NM5 14 hsdR5l4(rKmK) argH galE gaiX lycB7 strA (Hfl) 

XL1-Blue MRF' (mcrA)183 L(mcrCB-hsdSMR-mrr)] 73 endAl supE44 thi-1 recAl 

gyrA96 re/Al lac [F' proAB /ac]'ZM15 TnlO (Tetr)I 

XLOLR (mcrA)183 (mcrCB-hsdSMR-mrr)173 endAl thi-1 recAl 

gyrA96 re/Al lac [F' proAB /ac]qZi2Ml5 Tn]O (Tef)] Su 

(nonsuppressing) kr  (lambda resistant) 
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APPENDIX C - Multiple sequence alignments 

C.1 CLUSTAL W amino acid alignment of Ssag 1 with the E. maynei homologue 
and D. farinae Mag allergens. 

Em17 7 MRVIALLLTACLLGLGQPQHCTVACPKSI PQLINPKAQSTYVYSLDN(TVLTPRDSQKVT 

Ssagl 
Df mag3 
Df magi 

Emi 77 IKADAEVAIVSSCEAVLRLQNVAI DGVPNGAELAAELAAKS FAFGYFNGRILGVCPANDD 

Ssagl 
Df mag3 
Df magi 

Em17 7 QDWSLNVKKAIVSALQVQFDENKDKVEETDFSGTCPTEYRKIRSDDDNTVVMEKRKDLNL 

Ssagl 
Df mag3 
Df rnagl 

Em17 7 CDDRRVDLRQTPDQALGQLKEI IRHYMHPMDSDLMCRMTLKDKVVSEVDCEERHVLVHRS 

Ssagl 
Df mag3 
Df magi 

Emi 77 HKPIHLSYVKMNLKQSKDGVPJDLGQTDSEPKRPYLS FDHKHKNPTETDVVQVLKKLCTE 

Ssagl 
Df mag3 
Df magi 

Em177 ITEPQASIETSFTFHKLVDKLRYLSAEETATVDESVKTAICPAHAKRIRELFLDPSAFAA 

Ssagl 
Df mag3 
Df magi 

Em177 SDGSIRTLVKAHENQELSVTRSTALFTVAAIKAAPNKETVNVLLPVIASEKTIRPMLLGF 

Ssagl 
Df mag3 
Df magi 

Emi 77 SVLVRRYCEKSADCASNSGVKDPRDAYLARLAVAKDPSERMT IVRALENLNVNTEDVDNM 

Ssagl 
Uf mag3 
Df magi 

Em177 INAMDEIIKSTDAEPSLRAAAVNALPSDASHMDRYKSLVMDESMPNEARIAAFHKMMQNG 

Ssagl 
Df mag3 
Df magi 

Em177 GMTHIKDLFAVKGDCMKNYVLTYVDNMQKSNNDLRRRTVAADVELPEKPKREMGITRNI2 

Ssagl 
Df mag3 
Df magi 

Em177 REYGPYTFEYDVIYPETHENVTRSINGRLIRAKNDKLKELVQIQITQNGFDRELNNAMSL 

Ssagl 
Df mag3 
Df magi 
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Emi 77 LEKKS FQSVMQFVRDTLKMLAQI RKNADDNHHMKVSVKVNGKNVYYTDVFQDLKKLKELL 

Ssagl 
Df mag3 
Df magl 

Em177 VKRAEKIINEKKVDRSIGGVLLDSKLALPTITGLPLVYKFGDNFVLRYDGEFSGEKGDRH 

Ssagl ---------------------------------------------LQYNGEVSGEKGKRN 

Df mag3 
Df magl 

Em1 77 IRLNGGVVPGFYGRVKLLVKDQKMGYEYDGKLAYTPLVDMDIQKKEHSLLLRFNTKDVDQ 

Ssagl VKLNLSLVSGMIGGAKIKVKDEKMAYLYQAKWAYT PHLDFDIERKDNSMLFRLNLKDLDK 

Df mag3 
Df magl 

Em177 J-ITVFRFKQSLREKRATGEEKDYENEVTPESRSDRCFSFFLMNYCRKASHIKGLILPNVEY 

Ssagl RTVFQFHHNLREKRSNGEIRDYDSLPI-IDEPK-EKCFTTFSLEYCRKEYHPYKMYYPNVEY 

Df mag3 
Df magl 

Em17 7 YVMKPEKEVTALELLLKSETED--KTRRYMAELTAVGSPSNKQARAQLEVTKGEQYRVTL 

Ssagl FVSKPNKDVNAIELEF'KHESDDSKKNRKYTAELREVGPATPKTAKLEIDVAKGEEYKVTM 

Df mag3 VTALELLLKGETED--KTRRYVAELTAVGSPSNKQAKAQIEVTKGEEYKITL 

Df magl 

Em17 7 KLPEHEFNTE FTINSDKNNLKMHMDFPNVLQADLTGS FEHDKENNVRKNRLNLQYKF'AND 

Ssagl KS PNNEFHTE FTFAADKNHLKMKADFPDRFRADVTGT FEHDKETGVRKNKLNVEYKLGSD 

Df mag3 KSPEHEF'NTEFTIHDKNNLKMHMDFPNVFQADLTGTFQHDKENNVRKNQLNLQYKFAGD 

Df magl 

Em177 DQPHTVEYENEFSFNLKRSSKEKNSGLDYRAKYVSSHFPILNHKLNVQFKYRPFKVNELN 

Ssagl DKAHTIEYENEMFKLKRSSKEKNTNLMYKSKYISSRMPGLNHKTALEFKYRPEKTNDLN 

Df mag3 EKPHTVDYENEFSFNLKRSSKDKNSGVDYRPKYMSSHFPILNHKVNIQFKYRPFKVNELN 

Df magl 

Em177 LEGEFGREFQHKFQLMRNSQMEVEEVRPFKMHGNSDIKLMANDLDIDLDLKSEFKYESNK 

Ssagl LELEFGNDLQHKYQLQRKTDMEVEENRPFKLKGNSDIKLVATDFDVDYDLKSDFKYESNK 

Df mag3 LEGEFGRELQHKFQLMRNSQIEVEEVRPFKNHGNSDIKLMANDLDIDYDLKSEF'KYESNK 

Df magl 

Em177 GTPIELQYKVSGKDRSKRAAELGAEDVEGVIDYKNNGSPIDSKMHAHLKAKGNHYEYDSE 

Ssagl GTPMELQYNLKGKDRSKRAAEKNQEEIEGKIDYKNNGSPIDSKMNANLQAWGNQYAYESE 

Df mag3 GTPIELQYKISGKDRSKRAADLGAEDVEGVIDYKNNGSPIDSKKHAHLKMKGNNYGYDSE 

Df magl 

Em177 LKQTQPQQYEGKITMSKNDKKIFINHKSEMTKPTNTFHLKTDADVSYSDSEKKKHYQMEF 

Ssagl LKQVEPQRYEGKITMSKNDKKI FITHKDEMAKPTDTFHLKSEAEVTFSDSEDKKNYEVEL 

Df mag3 LKQTQPQQYEGKITLSKNDKKIFINHKSEMTKPTNTFHLKTDADVSYSDSDMKKHYQME-

Df magl 
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Em177 KKENDIYTLRSTVERDGQLFYENYLTIHKGGKLNLNYRRNDRKILLDLDNALSPREGTMK 

Ssagl KKDKDLYSMKSNVKRNNEI FYENNMDLEKNGKMNWYYKRNDRTWNMDLDNAFNPRDGTMK 

Df mag3 
Df magi 

Ern17 7 LNIKDREYNF'ALKRDPLRYRDITVEGNENAYVKHGKLHLSLMDPSTLSLVTKADGKIDMT 

Ssagl LQVKDRIYDIKLKREPFRYGDLHIEGNENALIKKGDLHMSLVDPLTLNVLTKNDGIVDMT 

Df mag3 
Df magi FVMKREPLRFRDITVEGNENAYIKNGKLHLSLMDPSTLSLVTKADGKIDMT 

Em177 VDLIS PVTKRASLKIDSKKYNLFHEGELSASLMNPRLSWHQYTKRDSREYKSDVDLSLRS 

Ssagl LDLVSPNTKKAALKINSKKYDLDHDGEITVSIFNPRMTWKHHTRKGDMELNIDADITRKG 

Df mag3 
Df magi VDLISPVTKRASLKIDSIKKYNLFHEGELSASIVNPRLSWHQYTKRDSREYKSDVELSLRS 

Em177 SDIALKITMPDYNSKIHYSRQNDQLNLDIDGTLIEGHPQGTVKEGKIHIKGKQSDFEIES 

Ssagl SLITYSRKEPDDSTKVRYSRQGNQVSMEVDSKLIEGHANGTLTDGKIHVKGRESDFE IES 

Df mag3 
Df magi SDIALKITMPDYNSKIFIYSRQGDQINMDIDGTLIEGHAQGTIREGKIHIKGRQTDFEIES 

Em177 NYRYEDGKVLIEPVKSENGKLEGVLSRKVPSHLTLETPRVKMNMQYDRHAPVKMFKLDYD 

Ssagl TYKVEDGKLMIEPTKTQNGKLEGLLSRIKVPSHLVLETPRVKMNMKYDRFAPVKI LKLDYD 

Df mag3 
Df magi NYRYEDGKLIIEPVKSENGKLEGVLSRKVPSHLTLETPRVKMNMKYDRYAPVKVFKLDYD 

Em177 GIHFEKHTDIQYEPGVRYTIVGNGKLKDDGSHYSIDVQGKPRKAFKLDADMMNFKLKVDK 

Ssagl GLNYEKHIDAEYEPSNHYKYFTDGKSKRSGKGYSIKIDGKPKKALKVDVDMPDFKFNVNK 

Df mag3 
Df inagi GIHFEKHTDIEYEPGVRYKIIGNGRLKDDGRHYSIDVQGIPRKAFNLDADLMDFKLKVSK 

Em177 PEDSNKAQF'SYTFNDYTETEEYE FDPHRAYYVNWLSSIRKYIQTFIVEDH 

Ssagl PEDSNKAQFSYTFNDYTETEEYE FDPHRYILNWARAIRQYLQTFIVE--

Df mag3 
Df rnagl PEDSNKAQFSYTFNEYTETEEYEFDPHRAYYVNWLSSIRKYIQNFIVEDN 

166 



C.2 CLUSTAL Wamino acid sequence alignments of eDNA clones OTcO6 and 
Yv6-6 with the E. maynei M-1 77 homologue and D. farinae Mag allergens 

Em17 7 MRVIALLLTACLLGLGQAQHCTVACPKSIPQLINPKAQSTYVYSLDAKTVLTPRDSQKVT 
Dfmag3 
OTcO6 
Yv6-6 
Dfmagl 

Em17 7 IKADAEVAIVSSCEAVLRLQNVAI DGVPNGAELAAELAAKSFAFGYFNGRILGvCpDD 
Dfmag3 
OTcO6 
Yv6-6 
Dfmagl 

Em17 7 QDWSLNVKKAIVSALQVQFDENKDKVEETDFSGTCpTEyRKIRSDDDNTVVMEKRKDLNL 
Dfmag3 
OTcO6 
Yv6- 6 
Dfmagl 

Em17 7 CDDRRVDLRQTPDQALGQLKEIIRHYMHPMDSDLMCR4TLKDKVVSEVDCEERHVLVHRS 
Dfmag3 
OTcO 6 
Yv6- 6 
Dfmagl 

Em17 7 HKPIHLSYVKMMLKQSKDGVAADLGQTDSEPKRPYLSFDHKHKNPTETDVVQVLKKLCTE 
Dfmag3 
OTcO 6 
Yv6-6 
Dfmagl 

Em17 7 ITEPQASIETSFTFHKLVDKLRYLSAEETATVDESVKTAICpAHAKRIRELFLDAsAFp 
Dfmag3 
OTcO6 
Yv6-6 
Dfmagl 

Em177 SDGSIRTLVKAHENQELSVTRSTALFTVIKAPNKETVNVLLPVIASEKTIRPMLLGF 
Dfmag3 
OTcO6 
Yv6-6 
Dfmag 

6m177 SVLVRRYCEKSADCASNSGVKDPRDAYLARLAVAKDPSERMTIVRALENLNVNTEDVDNM 
Dfmag3 
OTcO 6 
Yv6-6 
Dfmagl 

Em177 INANDEIIKSTDAEPSLRAAVNALPSDASHMDRYKSLVMDESMPNEARIFHKQNG 
Dfmag3 
OTcO6 
Yv6- 6 
Dfmagl 
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Ern17 7 GMTHIKDLF'AVKGDCNKNYVLTYVDNMQKSNNDLRRRTVAADVELPEKPKREMGITRNIA 

Dfmag3 
OTcO6 
Yv6-6 
Dfmagl 

Emi 77 REYGPYTFEYDVIYPETHENVTRSINGRLIRAKNDKLKELVQIQITQNGFDRELNNAMSL 
Dfmag3 
OTcO6 
Yv6-6 
Dfmag 

Em17 7 LEKKSFQSVMQFVRDTLKMLAQIRKNADDNHHMKVSVKVNGKNVYYTDVFQDLKKLKELL 

Dfmag3 
OTcO6 
Yv6- 6 
Dfmagl 

Ern177 VKRAEKIINEKKVDRSIGGVLLDSKLALPTITGLPLVYIKFGDNFVLRYDGEFSGEKGDRH 
Dfmag3 
OTcO6 
Yv6-6 
Dfmagl 

Ern17 7 IRLNGGVVAGFYGRVKLLVKDQKMGYEYDGKLAYTPLVDMDIQKKEHSLLLRFNTKDVDQ 
Dfmag3 
OTcO6 
Yv6-6 
Dfmagl 

Ern177 HTVFRFKQSLREKRATGEEKDYENEVTPESRSDRCFSFFLMNYCRKASHIKGLILPNVEY 
Dfmag3 
OTcO6 
Yv6-6 
Dfmagl 

Ern17 7 YVMKPEKEVTALELLLKSETEDKTRRYMAELTAVGS PSNKQARAQLEVTKGEQYRVTLKL 
Dfmag3 \TTALELLLKGETEDKTRRYVAELTAVGSPSNKQAKAQIEVTKGEEYKITLKS 
OTcO6 
Yv6-6 
Dfmag 1 

Ein17 7 PEHEFNTEFTINSDIKNNLKMHMDFPNVLQADLTGSFEHDKENNVRKNRLNLQYKFANDDQ 
Dfmag3 PEHEFNTEFTIHADKNNLK4HMDFPNVFQADLTGTFQHDKENNVRKNQLNLQYKFAGDEK 
OTcO6 
Yv6- 6 
Dfmagl 

Ern177 PHTVEYENEFSFNLKRSSKEKNSGLDYRAKYVSSHFPILNHKLNVQFKYRPFKVNELNLE 
Dfmag3 PHTVDYENEFSFNLKRSSKDKNSGVDYRAKYMSSHFPILNHKVNIQFKYRPFKVNELNLE 
OTcO6 
Yv6- 6 
Dfrnagl 

* 

Em1 77 GEFGREFQHKFQLMRNSQMEVEEVRPFKMHGNSDIKLMPNDLDIDLDLKSEFKYESNKGT 
Dfmag3 GEFGRELQHIKFQLMRNSQIEVEEVRPFKMHGNSDIKLMANDLDIDYDLKSEFKYESNKGT 
OTcO6 --------------------VEEMRPFKLKGNSDIKLVATDFDVDYDLKSDFKYESNKGT 
Yv6-6 
Dfmagl 
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Em177 PIELQYKVSGKDRSKRAAELGAEDVEGVIDYKNNGSPIDSKMHAHLKAKGNHYEYDSELK 

Dfmag3 PIELQYKISGKDRSKRAADLGAEDVEGVIDYKNNGSPIDSKMHAHLKMKGNNYGYDSELK 

OTcO 6 PMELQYNLKGKDRSKRAAEKNQEEIKKKKKKKK--------------------------- 

Yv6- 6 
Dfmagl 

Em17 7 QTQPQQYEGKITMSKNDKKI FINI-IKSEMTKPTNTFHLKTDADVSYSDSEMKKHYQMEFKK 

Dfmag3 QTQPQQYEGKITLSKNDKKI FINHKSEMTKPTNTFHLKTDADVSYSDSDMKKHYQME--- 

OTcO 6 

Yv6-6 ------------------------------------------------------FVELKK 

Dfmagl 
* ** 

Emm17 7 ENDIYTLRSTVERDGQLFYENYLTIHKGGKLNLNYRRNDRKILLDLDNALSPREGTMKLN 

Dfmag3 
OTcO 6 
Yv6- 6 DKDLYWMKSNVKRNNEIFYENNMDLEKNGKMNWYYKRNDRTWNMDLDNAFNPRDGTMKLQ 

Dfmagl 

Ern17 7 IKDREYNE'ALKRDPLRYRDITVEGNENAYVKHGKLHLSLMDPSTLSLVTKADGKI DMTVD 

Dfmag3 

OTcO 6 
Yv6- 6 VKDRIYDIKLKREPFRYGDLHIEGNENALIKKGDLHMSLVDPLTLNVLTKNDGIVDMTLD 

Dfmagl -------FVMKREPLRFRDITVEGNENAYIKNGKLHLSLMDPSTLSLVTKADGKIDMTVD 

Em177 LISPVTKRASLKIDSKKYNLFHEGELSASLMNPRLSWHQYTKRDSREYKSDVDLSLRSSD 

Dfmag3 
OTcO 6 
Yv6-6 LVSPNTKKAALKINSKKYDLDHDGEITVSIFNPRMTWKHHTRKGDMELNIDADITRKGSL 

Dfmagl LI SPVTKRASLKIDSKKYNLFHEGELSASIVNPRLSWHQYTKRDSREYKSDVELSLRSSD 

Em177 IALKITMPDYNSKIHYSRQNDQLNLDIDGTLIEGHAQGTVKEGKIHIKGKQSDFEIESNY 

Dfmag3 

OTcO6 
Yv6- 6 ITYSRKEPDDSTKVRYSRQGNQVSMEVDSKLIEGHANGTLTDGKIHVIKGRESDFEIEST1 

Dfmagl IALKITMPDYNSKIHYSRQGDQINMDI DGTLIEGHAQGTIREGKIHIKGRQTDFEIESNY 

Em177 RYEDGKVLIEPVKSENGKLEGVLSRKVPSHLTLETPRVKMNMQYDRHAPVKMFKLDYDGI 

Dfmag3 
OTcO6 

Yv6- 6 KVEDGKLMIEPTKTHNGKLEGLLSRKVPSHLVLETPRVKMNMKYDRFAPVKIL}KLDYDGL 

Dfmagl RYEDGKLIIEPVKSENGKLEGVLSRKVPSHLTLETPRVKMNMKYDRYAPVKVFKLDYDGI 

Em177 HFEKHTDIQYEPGVRYTIVGNGKLKDDGSHYSIDVQGKPRKAFKLDADNpKLKVDKpE 

Dfmag3 

OTcO6 
Yv6- 6 NYEKHIDAEYEPSNHYKYFTDGKSKRSGKGYSIKIDGKPKKALKVDVDMPDFKFNVNKPE 

Dfmagl HFEKHTDIEYEPGVRYKIIGNGKLKDDGRHYSIDVQGIPRKAFNLDADLMDFKLKvsKpE 

Em177 DSNKAQFSYTFNDYTETEEYEFDPHRAYYVNWLSSIRKYIQTFIVEDH 

Dfmag3 

OTcO 6 
Yv6- 6 DSNKAQFSYTFNDYTETEEYEFDPHRAYILNWARAIRQYLQTFIVE-- 
Dfmaql DSNKAQFSYTFNEYTETEEYE FDPHRAYYVNWLSSIRKYIQNFIVEDN 
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C.3 CLUSTAL Wamino acid sequence alignments of Ssag 1, OTcO6 and Yv6-6 
with the E. maynei M-1 77 homologue and D. farinae Mag allergens 

Emm177 MRVIALLLTACLLGLGQAQHCTVACPKSIPQLINPKAQSTYVYSLDAKTVLTPRDSQKVT 
Dfmag3 
OTcO 6 
Yv6-6 
Dfmagl 
Ssagl 

Errim177 IKADAEVAIVSSCEAVLRLQNVAIDGVPNGAELAAELAAKSFAFGYFNGRILGVCPANDD 
Dfmag3 
OTcO 6 
Yv6- 6 
Dfmagl 
Ssagl 

Emm17 7 QDWSLNVKKAIVSALQVQFDENKDKVEETDFSGTCPTEYRKIRSDDDNTVVMEKRKDLNL 
Dfmag3 
OTcO6 
Yv6-6 
Dfmagl 
Ssagl 

Emm177 CDDRRVDLRQTPDQALGQLKEI IRHYMHPMDSDLMCRMTLKDKVVSEVDCEERHVLVHRS 
Dfmag3 
OTcO6 
Yv6-6 
Dfmagl 
Ssagl 

Ernrnl7 7 HKPIHLSYVKMLKQSKDGVAADLGQTDSEPKRPYLSFDHKHKNpTETDvvQVLKKLcTE 
Dfmag3 
OTcO6 
Yv6-6 
Dfmagl 
Ssagl 

Ernm177 ITEPQASIETSFTFHKLVDKLRYLSAEETATVDESVKTAICPAHAKRIRELFLDASAFAA  
Dfmag3 
OTcO6 
Yv6- 6 
Dfmagl 
Ssagl 

Eimnl7 7 SDGSIRTLVKPHENQELSVTRSTALFTVAAIKAAPNKETVNVLLpVIAsEKTIRpMLLGp' 
Dfmag3 
OTcO6 
Yv6-6 
Dfrnagl 
Ssagl 
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Ermn177 SVLVRRYCEKSADCASNSGVKDARDAYLPRLAVAKDPSERMTIVRALENLNVNTEDVDNM 

Dfmag3 
OTcO6 
Yv6- 6 
Dfmagl 
Ssagl 

Ernin177 INADEIIKSTDAEPSLRAAAVNALPSDASHMDRYKSLVMDESMPNEARIAAFHKMMQNG 

Dfmag3 
OTcO6 
Yv6-6 
Dfmagl 
Ssagl 

Emm177 GMTHIKDLFAVKGDCMKNYVLTYVDNMQKSNNDLRRRTVAADVELPEKPKREMGITRNIA 

Dfmag3 
OTcO6 
Yv6- 6 
Dfmag1 
Ssagl 

Ernxn177 REYGPYTFEYDVIYPETHENVTRSINGRLIRAKNDKLKELVQIQITQNGFDRELNNAMSL 

Dfmag3 
OTcO6 
Yv6-6 
Dfmagl 
Ssag1 

Emm177 LEKKS FQSVMQFVRDTLKMLAQIRKNADDNHHMKVSVKVNGKNVYYTDVFQDLKKLKELL 

Dfmag3 
OTcO6 
Yv6-6 
Dfinagl 
Ssagl 

Ernin177 VIKRAEKIINEKKVDRSIGGVLLDSKLLPTITGLPLVYKFGDNFVLRYDGEFSGEKGDRH 

Dfmag3 
OTcO 6 
Yv6-6 
Dfmagl 
Ssagl 

min17 7 IRLNGGVVAGFYGRVKLLVKDQKMGYEYDGKLAYTPLVDMDIQKKEHSLLLRFNTKDVDQ 

Dfmag3 
OTcO6 
Yv6- 6 
Dfmagl 
Ssagl 

Emm177 HTVFRFKQSLREKRATGEEKDYENEVTPESRSDRCFSFFLMNYCRKASHIKGLILpNVEY 

Dfmag3 
OTcO6 
Yv6-6 
Dfmagl 
Ssagl 
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Emmi 77 YVMKPEKEVTALELLLKSETEDKTRRThIAELTAVGS PSNKQAPAQLEVTKGEQYRVTLKL 
Dfmag3 VTALELLLKGETEDKTRRYVAELTAVGS PSNKQAKAQIEVTKGEEYKITLKS 
OTcO6 
Yv6-6 
Dfmagl 
Ssagl 

Emin177 PEHEFNTEFTINSDKNNLRMHMDFPNVLQADLTGSFEHDKENNVRKNRLNLQYRFANDDQ 
Dfmag3 PEHE FNTE FT IHADKNNLKMHMDFPNVFQADLTGT FQI-1DKENNVRKNQLNLQYKFAGDEK 
OTcO6 
Yv6-6 
Dfmagl 
Ssagl 

Emm177 PHTVEYENEFSFNLKRSSKEKNSGLDYRAKYVSSHFPILNHKLNVQFKYRPFKVNELNLE 
Dfmag3 PHTVDYENEFSFNLKRSSIKDKNSGVDYRAKYMSSHFPILNJ-IKVNIQFKYRPFKVNELNLE 
OTcO6 
Yv6-6 
Dfmagl 
Ssagl 

Ernm177 GEFGREFQHKFQLMRNSQMEVEEVRPFKMHGNSDIKLMANDLDIDLDLKSEFKyESNKGT 
Dfmag3 GEFGRELQHKFQLMRNSQI EVEEVRPFKMHGNSDIKLrvIANDLDI DYDLKSEFKYESNKGT 
OTcO6 --------------------VEEMRPFKLKGNSDIKLVATDFDVDYDLKSDFKYESNKGT 
Yv6-6 
Dfmagl 
Ssagl 

Emm177 PIELQYKVSGKDRSKRAAELGAEDVEGVIDYKNNGSPIDSKMHAHLKAKGNHyEYDSELK 
Dfmag3 PIELQYKISGKDRSKRAADLGAEDVEGVIDYKNNGSPIDSKMHAHLKMKGNNYGYDSELK 
OTcO6 PMELQYNLKGKDRSKRAAEKNQEEIKKKEKKKK 
Yv6-6 
Dfrnagl 
Ssagl 

Emm177 QTQPQQYEGKITMSKNDKKI FINHKSEMTKPTNTFHLKTDADVSYSDSEMKKHYQME FEE 
Dfmag3 QTQPQQYEGKITLSKNDKKI FINHKSEMTKPTNTFHLKTDADVSYSDSDMKKHYQME 
OTcO6 
Yv6-6 -----------------------------------------------------DFVELKK 
Dfmagl 
Ssagl 

Emrn17 7 ENDIYTLRSTVERDGQLFYENYLTIHKGGKLNLNYRRNDRKILLDLDNALS PREGTMKLN 
Dfmag3 
OTcO6 
Yv6- 6 DKDLYWMKSNVKRNNEI FYENNMDLEKNGKMNWYYKRNDRTWNMDLDNAFNPRDGTMKLQ 
Dfmagl 
Ssagl 



Emm177 IKDREYNFPLKRDPLRYRDITVEGNENAYVKHGKLHLSLMDPSTLSLVTKADGKI DMTVD 
Dfmag3 
OTcO6 
Yv6- 6 VKDRIYDIKLKREPFRYGDLHIEGNENALIKKGDLHMSLVDpLTLNVLTKNDGIVDMTLD 
Dfmagl -------  FVMKREPLRFRDITVEGNENAYIKNGKLHLSLMDPSTLSLVTKADGiKI DMTVD 
Ssagl 

Ernm177 LISPVTKRASLKIDSKKYNLFHEGELSASLMNPRLSWHQYTKRDSREyKSDVDLSLRSSD 
Dfmag3 
OTcO 6 
Yv6- 6 XVXPNTKKAALKINSKKYDLDHDGEITVSI FNPRNTWKHXTRKGDMELNIDADI T----- 
Dfrnagl LIS PVTKRASLKI DSKKYNLFHEGELSAS IVNPRLSWHQYTKRDSREYKSDVELSLRSSD 
Ssagl 

Ernm177 IALKITMPDYNSKIHYSRQNDQLNLDI DGTLIEGHQGTVKEGIKIHIKGKQSDFEIESNy 
Dfmag3 
OTcO6 
Yv6-6 
Dirnagi IALKITMPDYNSKIHYSRQGDQINMDI DGTLIEGHAQGTIREGKIHIKGRQTDFEIESNy 
Ssagl ------------------------------GIPGPSNGTLTDGKIHVKGRESDFEIESTY 

Emin177 RYEDGKVLIEPVKSENGKLEGVLSRKVPSHLTLETPRVKMNNQYDRHAPVKMFKLDYDGI 
Dfmag3 
OTcO 6 
Yv6-6 
Dfrnagl RYEDGKLI IEPVKSENGKLEGVLSRKVPSHLTLETPRVKMNMKYDRYAPVKVFKLDYDGI 
Ssagl KVEDGKLMIEPTKTQNGKLEGLLSRKVPSHLVLETPRVKMNMKYR- FAPVKILKLDYDGL 

Emm177 HFEKHTDIQYEPGVRYTIVGNGKLKDDGSHYSIDVQGKPRFKLDADNFKLKVDKPE 
Dfmag3 
OTcO6 
Yv6- 6 
Dfmagl HFEKHTDIEYEPGVRYKIIGNGKLKDDGRHYSIDVQGIPRKAFNLDADLMDFKLKVSKPE 
Ssagl NYEKHIDAEYEPSNHYKYFTDGKSKRSG 

Emin177 DSNKAQFSYTFNDYTETEEYEFDPHRAYYVNWLSSIRKYIQTFIVEDH 
Dfmag3 
OTcO6 
Yv6-6 
Dfmagl DSNKAQFSYTFNEYTETEEYEFDPJ-iRAYYvNwLSs IRKYIQNFIVEDN 
Ssagl 

**************************** 
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C.4 CLUSTAL Wamino acid sequence alignment of the 2.7kb Ssagl gene with 
the E.maynei M-1 77 homologue. 

10 20 30 40 50 60 

Ernm177aa MRVIALLLTACLLGLGQAQHCTVACPKSIPQLINPKAQSTYVYSLDAIKTVLTPRDSQKVT 

Ssag1-2 7aa 

Emm177aa IKADAEVAIVSSCEAVLRLQNVAIDGVPNGAELAAELAPKSFPFGYFNGRILGVCPANDD 

Ssagl-2 7aa 

Emml 7 7aa QDWSLNVKKAIVSALQVQFDENKDKVEETDFSGTCPTEYRKIRSDDDNTVVMEKRKDLNL 

Ssagl-2 7aa 

Ermn177aa CDDRRVDLRQTPDQALGQLKEIIRHYMHPMDSDU4CRr1TLKDKVVSEVDCEERHVLVHRS 

Ssag1-2 7aa 

Enmd77aa HKPIHLSYVKMNLKQSKDGVAADLGQTDSEPKRPYLSFDHKHKNPTETDVVQVLKKLCTE 

Ssagl-2 7aa 

Enmd77aa ITEPQASIETSFTFHKLVDKLRYLSAEETATVDESVKTAICPAHAKRIRELFLDASAFAA 

Ssagl-2 7aa 

Ernrn177aa SDGSIRTLVKAHENQELSVTRSTALFTVAAIKAAPNKETVNVLLPVIPSE}cTIRPMLLGF 

Ssagl-2 7aa 

Emrn177aa SVLVRRYCEKSADCASNSGVKDARDAYLARLAVAKDPSERMTIVRLENLNVNTEDVDNM 

Ssagl-2 7aa 

Emm177aa INA4DEI IKSTDAEPSLRAAVNALPSDASHMDRYKSLVr1DESMPNEARIAAFHKMMQNG 

Ssagl-2 7aa 

Emrn177aa GMTHIKDLFAVKGDCMKNYVLTYVDNMQKSNNDLRRRTVDVELpEKPKREMGJTRNIA 

Ssagl-2 7aa 
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Ernml 7 7aa REYGPYTFEYDVIYPETHENVTRSINGRLIRAKNDKLKELVQIQITQNGFDRELNNAMSL 

Ssagl-2 7aa 

Ernm177aa LEKKS FQSVMQFVRDTLKMLAQIRKNADDNHHMKVSVKVNGKNVYYTDVFQDLKIKLKELL 

Ssagl-2 7aa 

Emm177aa VKRAEKIINEKKVDRSIGGVLLDSKLALPTITGLPLVYKFGDNFVLRYDGEFSGEKGDRH 

Ssagl-2 7aa ---------------------------------------------LQYNGEVSGEKGKRN 

* * ** ***** * 

Ernrn17 7 aa IRLNGGVVAGFYGRVKLLVKDQKMGYEYDGKLAYT PLVDMDI QKKEHSLLLRFNTKDVDQ 

Ssagl-2 7aa VKLNLSLVSGMIGGAKIKVKDEKMAYLYQAKWAYTpHLDFDIERKDNsMLFRLNLKDLDK 

Emxn17 7aa HTVFRF'KQSLREKRATGEEKDYENEVTPESRSDRCFS FFLMNYCRKASI-IIKGLILPNVEY 

Ssagl-2 7aa RTVFQFI-IHNLREKRSNGEIRDYDSLPHDEPK-EKCFTTFSLEYCRKEYHPYKMYYPNVEY 

Emin17 7aa YVMKPEKEVTALELLLKSETED--KTRRYNAELTAVGSPSNKQARAQLEVTKGEQYRVTL 

Ssagl-2 7aa FVSKPNKDVNAIELEFKHESDDSKKNRKYTAELREVGPATPKTAKLEIDVAKGEEYKVTM 

Emin177aa KLPEHEFNTEFTINSDKNNLKMHMDFPNVLQADLTGSFEHDKENNVRKNRLNLQYKFAND 

Ssagl-2 7aa KSPNNEFHTEFTFAADKNHLKMKADFPDRFRADVTGTFEHDKETGVRKNKLNVEYKLGSD 

Ernin177aa DQPHTVEYENEFSFNLKRSSKEKNSGLDYRAKYVSSHFPILNJ-IKLNVQFKYRPFKVNELN 

Ssagl-2 7aa DKAHTIEYENEMAFKLKRSSREKNTNLMYKSKYISSRMPGLNHKTALEFKYRPFKTNDLN 

Emm177aa LEGEFGREFQHKFQLMRNSQMEVEEVRPFKMHGNSDIKLNDLDIDLDLKSEFKYESNK 

Ssagl-2 7aa LELEFGNDLQHIKYQLQRKTDMEVEEMRPFKLKGNSDIKLVATDFDVDYDLKSDFKYESNK 

Emrnl 7 7aa GTPIELQYKVSGKDRSKRAAELGAEDVEGVIDYKNNGSPI DSKMHAHLKAKGNHYEYDSE 

Ssagl-2 7aa GTPMELQYNLKGKDRSKRAAEKNQEEIEGKIDYKNNGSPIDSKMNANLQAWGNQYAYESE 

Emrn177aa LKQTQPQQYEGKITMSKNDKKIFINHKSEMTKPTNTFHLKTDADVSYSDSEMKKHYQMEF 

Ssagl-2 7aa LKQVEPQRYEGKITMSKNDKKIFITHKDEMAKPTDTFHLKSEAEVTFSDSEDKKNYFVEL 

175 



Emm177aa KKENDIYTLRSTVERDGQLFYENYLTIHKGGKLNLNYRRNDRKILLDLDNALSPREGTMK 

Ssagl-2 7aa KKDKDLYSNKSNVKRNNEIFYENNMDLEKNGKMNWYYKRNDRTWNMDLDNAFNPRDGTMK 

Ernm17 7aa LNIKDREYNFALKRDPLRYRDITVEGNENAYVKHGKLHLSL1DPSTLSLVTKADGKI DMT 

Ssagl-2 7aa LQVKDRIYDIKLKREPFRYGDLHIEGNENALIKKGDLHMSLVDPLTLNVLTKNDGIVDMT 

Ernm177aa VDLISPVTKRASLKIDSKKYNLFHEGELSASLMNPRLSWHQyTKRDSREyKSDVDLSLRS 

Ssagl-2 7aa LDLVSPNTKKPALKINSKKYDLDHDGEITVSIFNPRNTWKHHTRKGDMELNIDADITRKG 

Emm17 7aa SDIALKITMPDYNSKIHYSRQNDQLNLDIDGTLIEGHAQGTVKEGIKIHIKGKQSDFEIES 

S3agl-2 7aa SLITYSRKEPDDSTKVRYSRQGNQVSMEVDSKLIEGHNJGTLTDGKIHvKGREsDFEIEs 

Emm17 7aa NYRYEDGKVLIEPVKSENGKLEGVLSRKVPSHLTLETpRvKMNMQyDRHApvcMFKLDyD 

Ssagl-2 7aa TYKVEDGKLMIEPTKTQNGKLEGLLSRKVPSHLVLETPRVIKMNMKYDRFAPVKILKLDYD 

Emm177aa GIHFEKHTDIQYEPGVRYTIVGNGKLKDDGSHySIDvQGKpRFKLDADNFKLKvDK 

Ssagl-2 7aa GLNYEKHIDAEYEPSNHYKYFTDGKSKRSGKGYSIKIDGKPKKALKVDVDMPDFKFNVNK 

Eram177aa PEDSNKAQFSYTFNDYTETEEYE FDPI-IRAYYVNWLSSIRKYIQTFIVEDH 

Ssagl-2 7aa PEDSNKAQFSYTFNDYTETEEYEFDPHRAYILNWARAIRQYLQTFIVE-- 

****************************** ** ** * ****** 
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C.5 CLUSTA4L Wnucleotide sequence alignment of Ssag2, SPH235 and 
SPH369 with S. scabici var. vulpes cDNA clone BG71 7678. 

10 20 30 40 50 60 

BG717 678 --------------------------------------------CTCAATCTAATCTCAA 
PH235f CAACCAAATCACTAACTATTCAATAGTGATAGATTGAAAACAAACTCAATCTAPTCTCAA 
PH3 69f CAACCAATCACTACTATTCAATAGTGATJGATTGAAAACAAACTCAATCTAATCTCTA 
Ssag2 

3G7 17678 AATGAAATTACTCTGTCTTTTCATCGGATTACTGGTCTTCGTCATCAGTATCCATCTCTC 

PH235f AATGAAATTACTCTGTCTTTTCATCGGATTACTGGTCTTCGTCATCAGTATCCATCTCTC 

PH3 69 f AATGAAATTACTCTGTCTTTTCATCGGATTACTGGTCTTCGTCATCAGTATCCATCTCTC 

Ssag2 ------------------------------------------------------AGGAAT 

BG7 17678 TGTCCAAAGAGATAAGGAGCTAAGAAGTGAACTATATAATCACAACTATCTCCCAC 

PH235f TGTCCAAGAGAAGATAAGGAGCTAAGAGTGAACTACATAAATCACAACTATCTCCCAC 
PH 369 f TGTCCAAGAAGAAGATAAGGAGCTNAGAAGTGAACTACATAAATCACAACTATCTCCCAC 
Ssag2 TCCCGGGGAGAAGATAAGGAGCTPAGAAGTGCTATATAPATCACAACTATCTCCCAC 

* * **************** ************ ********************** 

BG7 17678 TCAATGACATGAATAACGGTCACAATCTAA1CTAAGATGTGATGGATCGAAAGGTGC 

PH235f TCAACATGACATGAATAACGGTCACAAATCTAAACTAAGATGTGGTGGATCGAAAGGTGC 

PH3 69 f TCAACATGACATGAATAACGGTCACAATCTACTAAGATGTGGTGGATCGAPAGGTGC 

Ssag2 TCAAATGACATGAATAPCGGTCACAATGTAAACTAPGATGTGATGGATCGAAGGTGC 
**** ************************ ************** *************** 

3G7 17678 AGATAAACGTCATCGAPGATGTCGACATCGACGATACAGACACCGTATTATTACAGACG 

PH235 f AGAThAACGTCATCGAAGATGTCGACATCGACGATACAGACACCGATATTATTATAGACA 

PH3 69f AGATAAACGTCATNGAAGATGTCGACATCGACGATACAGACACCGATATTATTATAGACA 

Ssag2 AGATAACGTCATCGAAGATGTCGACATCGACGATACAGACACCGATATTATTAAGTCG 
************* **************************************** ** * 

3G7 17678 CTACTATTATAGAAGTATTTTTACAAAAGGAGGTCAAAATGGAGAGGCATGCGAAG 

PH235f CTACTATTATAGPAGATATTTATACAAAAAJ1GGAAGTCAAAATGGAAGAGGCAT GCGAAG 

PH 369 f CTACTATTATAGAAGATATTTATACAAAAGGAAGTCAAAATGGAAGAGGCATGCGAAG 

Ssag 2  CTAC-------------------------------------------------------- 

BG7 17678 AGGAGGCATGAGAGGAGGAAACGGCATGGGAAAAGGAAGAGGTAAAGGCAAAGGCCAAGG 

PH235f AGGAGGCCC --------------------------------------------------- 
PH369f AGGAGGCCCC --------------------------------------------------
Ssag2 
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BG717678 dna TGPAGGCGAAGGAGAGGGAGAAGGCGAPGGTGAAGGCAAAGGCTGGGGAAAAGGCAAAGG 

PH235f 

PH369f 

Ssag2 

BG717678 dna CAAPGGCCATGGTGAAGGCGAGGCGAAGGGATAGGAGAAAGTAATGGAAPAGGCTGGGG 

PH235f 

PH369f 

Ssag2 

BG717 676 .dna AAGAAGCAGAGCCAAGGCCAAGGCAAAGGTCATGGCGAAGGCGA 

PH235f 

PH3 69 f 

Ssag2 
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