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ARTICLE INFO define as infections of animals that are naturally
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farm, companion, or even wild animals can also infest
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kama akooli8@vahoo.co.uk infections of humans. These infections were commonly

reported in travelers and refugees from these regions. It is
worth to mention here, although lice are very host specific
and accordingly, lice of animals do not attack humans ( vice
versa). However, ticks are mostly not very host-specific,
and therefore it attacks humans; moreover, some species
causing tick paralysis and many responsible for
transmitting viral, bacterial, and protozoan diseases of
animals to humans. Review of literature revealed scarce
publication regarding the animal ectoparasites and its
zoonotic impact on humans. Consequently, this review
article emphasis on animal ectoparasites and its zoonotic
impact on humans, particularly mites, and ticks the more
common ectoparasites.

Abstract

Ectoparasites of animals
(farm animals, rodents, and
birds) such as mites, ticks, fleas,
and lice able to infest humans. It
is considered as zoonotic
arthropod infections of humans
and plays an essential role in the
transmission of several
pathogens. Zoonotic diseases
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1. Mites

Mites are related to ticks, spiders, and scorpions. Its body is divided into
two rather than three parts, and in contrast to insects, they don’t have
antennae. The mites have 6 legs, but the adult has 8 legs and is smaller
than ticks. These animals engage the most diverse ecological niches, such
as Demodex mites that multiply in the sebaceous glands of human
eyelashes. The causative agent of scabies is the Sarcoptes scabiei. It is
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found on various animals such as Sarcoptes scabiei var canis, Notoedres
cati, Sarcoptes bovis, and Sarcoptes equi in dog, cat, cow, and horses,
respectively (Alasaad et al., 2009; Alasaad et al., 2011; Roncalli, 1987). A
mite infestation cause scabies. It is frequently sexually spread. It dates
back to ancient times but remains an exciting parasite for study in clinical
practice and public settings. Its record is one of the centuries of slow
growth to recognize the mite and to lastly, create its relation to the clinical
signs of pruritis with several fluctuating appearances and diverse
epidemiological outlines (Currier and Ceilley, 2010).

1.1. Definition of Scabies

The Latin words scabere to scratch means scabies. It is a condition
characterized by colonization of the mite Sarcoptes scabiei on the skin of
an animal or human host after skin to skin contact with a donor host. The
pruritis results after some time, commonly three to six weeks of
infestation, which remains for a long period or until the treatment of the
patient. In many developing countries, scabies is a common illness
affecting large segments of the population, and is similarly found
worldwide in sexually active young adults and, rarely, in their children,
owing to hands-on care. A more contemporary phenomenon is the
appearance of scabies in institutional populations, particularly
immunosuppressed people and in long-term older people living in care
facilities (Martin and Wheeler, 1979; Currie and McCarthy, 2010).
Moreover, sarcoptic mange in animals remains a problem in most areas
of the world and considers as the most important zoonotic diseases.

1.2, The history of scabies

The history of scabies is an extended one and re-observed smartly in
numerous literatures during the first half of the 20th century by Dr.
Reuben Friedman, Temple University in Philadelphia. He classified the
history in three periods: Ancient the Pre-Acarian, Medieval the Acarian,
and Modern the Post-Acarian(Friedman, 1934). The investigators
(Aristotle and Galen) from Greek and Roman, valued the “contagious”
property of the scabies illness. The term acarus was firstly used by Aristotle
to describe an animalcule so minute as to be uncuttable or indivisible.” The
Roman, Celsus, designated the scabies of sheep and its treatment similar
to for humans at the time with a combination of sulfur and tar (Friedman,
1934). The Avenzoar’s work , subsequently in Spain, described the mites
as: “The little flesh worms which crawl under the skin of the hands, legs,
and feet, and there grow pustules full of water, are termed syrones, asoabat
and asoab: so tiny are these animals, that they can hardly be seen by the
strongest of vision ” (Friedman, 1934). However, Avenzoar did not
particularly associate the mite with the disease illness. Later on, scabietic
lesions were described by a number of researchers throughout the 13th—
16th centuries, conversely miscarried to create the connection of causality.
In the 17th century, Hauptman formed unsatisfactory drawings of the
mite. Moreover, in 1687, an Italian naval physician (Giovanni Cosimo
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Bonomo), collaborated with Giacinto Cestoni, a pharmacist, studied skin
condition in sailors and delivered a more precise drawing of the acarus
mite. Consequently determining and creating the parasitic nature of
scabies as well as its treatment (Warburton, 1920). In 1746, Linnaeus, the
Swedish naturalist, classified the mite as Acarus human-subcutaneous
(Linnaeus, 1748). Lastly, DeGeer, a Swedish naturalist, draw the first very
precise diagram of the mite. Moreover, his name remains with the mite
nomenclature, that is, S. scabiei (DeGeer). This acarine period was closed
with the presence and description of the mite at hand, but the main belief,
though, excluded the acceptance of the cause and effect relationship.

In 1834, a furthermost studied event in the history of scabies occurred and
a mite from a young female patient suffering from “the itch” were collected
by Simon Francois Renucci, after several years of controversial faculty
argument. He achieved the task with a needle probe technique for
removing mites. At the late 19th and early 20th centuries, the post-Acarian
period revealed continual advances with raising alertness of distinctive
scabies from other pruritic skin conditions. The first dermatologist was
from Vienna (Ferdinand Ritter von Hebra), who described different
scabies stages of infestation and mites life cycle after seeing and treating
over 40,000 cases. He also assumed that species from a variety of animals
and humans were essentially one species. However, the misunderstanding
was continuous at this time due to the environment remained a means of
transmission in some substantial ratio of cases. In the United Kingdom,
extensive work to understand scabies was done by an entomologist
Kenneth Mellanby ( Mellanby, 1972). Mellanby was bespoke by the United
Kingdom to study scabies from the standpoint of defining measures for the
disinfestation of the milieu. This demand appeared due to major scabies
incidents in the United Kingdom during the second world war both in
civilians in over- crowded families and in servicemen. The crucial request
wanting to explain was to what level fomites were a risk to unchanged
peoples and how best to disinfect them. Mellanby originally studied
scabietic soldiers and found that the overall mite load in utmost cases was
very small, that is, less than 10, although a few had extensive mite burdens
(Mellanby, 1972). As a final comment, Mellanby’s technique of needle
probe removal of mites is not far from a clinician’s everyday abilities.

1.3. Scabies of the animal

Cnemidocoptes, Chorioptes, Psoroptes, Notoedres, Otodectes, and
Sarcoptes are the six genera of mites that originated on animals.
Meanwhile, Sarcoptic mange has been described from 10 orders, 27
families, and 104 species of domestic, free-ranging, and wild mammals (
Pence and Ueckermann, 2002). The works and research on mange,
particularly sheep scab, began circa 1800. Moreover, the Walz’s work (
veterinary surgeons) were cited as being useful (Walz, 1809), who
correlated the illness to mites (Sarcoptes can be the cause of sheep scab
but more usually Psoroptes mites). It is worth to mention that the
veterinary metropolitan was the chief of the arena of human medicine in

3



Karima Akool Al-Salihi (2020); 9 (1):1-25
Mirror of Research in Veterinary Sciences and Animals

identifying mites as the reason of many scabies-like skin disorders, earlier
than Renucci’s “rediscovery” of the mite from a human patient.

In 1786, Johann Ernst Wichman (German physician) published an essay
on scabies titled “Aetiologie der Kratze,” that delivered full drawings of the
mite. He concluded that mange in sheep, similar to humans, is due to
mites. The first collection of mites from horses infested with mange was
done by professor Jean Baptiste Gohier (1776—1819 AD) and his colleagues
St. Didier, at the Veterinary School in Lyons, France, and this observation
was reported by Roncalli smart review. Moreover, Dorfeuilles, from the
Veterinary School of Lyons, can also be considered one of the first
scientists to have realized and paly roles in discovered the presence of
mites in mangy cattle (Roncalli, 1987). Nevertheless, the development in
the detection and controlling of animal scabies identically that of human
medicine during the subsequent decades and the 20th century.

1.4.Epidemiology of humans scabies

Scabies epidemics appear at vague secular cycles that stay for about 15
years’ period with the highest periods in the past century being 1915-1925,
1936—1949, and 1965—1980. The Pandemics of scabies are linked with lack
and poverty, poor hygiene, increased sexual interest, and demographic
factors accompanied by migration and wars being significant effects. In
developed countries, the longer survival of immunosuppressed patients
has served to expand mite burdens and boosted transmission. There are
differences in the infrequent of mange infection in the United States,
African- Americans, and the total males outnumber females, though this
is not reliable with percentages in other countries (Orkin, 1983; Green,
1989). During scabies epidemics, the incidence of scabies reached 7 to 18
% / 1000 residents in Europe, according to Manfred Green. However, it is
reduced to 0.5 to 2 per 1,000 during nonepidemic periods. Moreover, the
higher incidence has variability according to seasonality and falls during
winter months. There is also variability according to the age distribution,
but with the greatest cases occurring between the ages of 15—45 years.
Another factor such as sex differences, sociocultural factors, including
sexual risk patterns within individual countries, affected the incidences of
mange. Many places such as hospitals, long-term care facilities, and
occasionally schools are served as foci for infection (Heilesen, 1946). Many
researchers investigate the methods that use by the mites to transfer itself
to the new host, and they found that immure mites frequently walk on the
surface of the skin and opportunistically alight on a new host (Heilesen,
1946). Moreover, the adult fertilized female mites were important in
transmission. The life cycle of the mites is presented in Figure 1.

A large proportion of immunosuppressed individuals such as HIV
patients, the elderly, organ-transplant recipients, and oncology patients,
the mite load in some individuals may be relatively high, spreading to
extraordinary numbers as in the rare cases of hyperkeratotic or crusted
scabies. Nosocomial outbreaks also occur, with secondary transmission to
healthcare workers and tertiary transmission to other patients and their
household members (Wright et al. , 2001).
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Figure 1: The life cycle of Sarcoptes scabiei
1.5.Perceptions of Sarcoptes scabiei Evolution

Sarcoptes scabiei is the cause of sarcoptic mange in livestock, wild, and
companion animals, as well as scabies in humans. The significant
morbidity and occasional mortality in severe cases occur due to mites
infestation. The host-related inhabitants of S. scabiei have been
taxonomically divided into morphologically indistinguishable changes
that have a high grade of host specificity and low degree of cross-infectivity
(Fain, 1978). Conversely, the monospecific of these host-specific strains of
S. scabiei is controversial, and up-to-date studies are discovering if they
are identical or diverse species. Many factors are complicated in the case
of S. scabiei, these factors are as follow: the indication of obvious cross-
infectivity among hosts verified in emerging epizootics in sympatric wild
animal host inhabitants (Arlian et al., 1984) the vague morphology of the
host-associated inhabitants, incomplete or no indication for cross-
infestations occurring among hosts in trial reports, and finally indication
of immunological host-specific and cross-reactive molecules(Arlian et al.,
1996; Haas et al., 2005). The understanding of the genetic aspects of
Sarcoptic host-associated populations significantly has been improved due
to the application of molecular markers. Moreover, the molecular data is
providing insight into both host selection and host-mediated influences on
S. scabiei population structures (Walton et al., 2004; Walton, et al., 1999;
Alasaad et al., 2011). The existing indications reveal that evolution due to
adaptation of the Sarcoptes diversities looks to be powerfully connected to
the phylogenetic parallel with the host species (Walton et al., 1999).
Walton et al., (1999) were shown the considerable proof of narrow gene
flow between sympatric inhabitants of human and dog mites in scabies
endemic, indigenous societies in Australia. They were demonstrating for
the first, using both nuclear and mitochondrial markers, genetically

5



Karima Akool Al-Salihi (2020); 9 (1):1-25
Mirror of Research in Veterinary Sciences and Animals

different host-associated populations. The consequences of this study were
then retained to drive changes in regional public health strategy (Walton
et al., 2004). Later, several molecular studies were exploring the
population dynamics and genetic epidemiology of various wild animal
host-associated S. scabiei populations, using the same multilocus
microsatellite markers ( Alasaad et al.,, 2011; Fain, 1978; Arlian et al.,
1984). These studies show further proof that Sarcoptes is not a distinct
panmictic population and approves genetic subdivision according to host
with secondary sub-assembling correlated to the geographical location
within host clusters. Additionally, population structure studies also shown
chronological constancy in the genetic variety of Sarcoptes mites ( Walton
etal.,1999; Anderson et al., 1997). Concerning evolutionary interactions,
molecular records also propose that there is widespread evolutionary
variance between human-associated mite populations and other animal-
associated mite populations and that these populations may not have
shared a common progenitor for 2—4 million years (Walton et al., 2004).
Nevertheless, many evolutionary questions related to S. scabiei continue
to be resolved. When studying carefully associated parasitic species or
populations, many gene characters are shaped by the demographic record
of the host population and the effect of the latter on the degree of gene flow
and recombination on the parasite population structure. Insertion of
scabies mites into naive populations result in originator effects and
population sub-structuring. Moreover, there is clear genetic variation
between S. scabiei mites found from different individuals of the same host
species in the same municipal; mites with like genotypes were more often
found within the same host ( Walton et al., 1999). This nonrandom
dissemination within individual hosts is characteristic of other parasite
populations, apparently because of colonization by limited numbers of
initiators. Improbability in the clarification of phylogenetic connections in
molecular data can also be due to the diverse, informative values and
consistency of sequences, recombination events, and the possible
persistence of ancestor sequences in populations. Moreover, the
molecular studies exploring the evolutionary connection of S. scabiei var
hominis with animal-associated populations have not as hitherto been
published. Nevertheless, mitochondrial analyses, limited to investigations
on the phylogenetic lineages of animal associated Sarcoptic mites, revealed
narrow or no evolutionary sub-structuring according to host ( Anderson &
Jaenike. 1997;Zahler et al., 1999). The results of these later analyses may
be due to the use of vague regions of mitochondrial DNA, or evolutionary
likeness of animal-derived Sarcoptes. While not endorsed, the current
scientific harmony is that humans—and protohumans before them were
the main host for Sarcoptes mites (Berrilli et al., 2002).. When humans
domesticated various species of animals, of which the dog probably was
the first (over 14,000 years ago), behavioral transmission, for example,
domesticated animals escaping and transferring to wild animal
populations, probably occurred. Identifying that domestication per se
tends to decrease immunocompetence, domesticated animals may have
been more vulnerable to infections, thereby raising the chance of mites
adapting to new hosts. Domestic animals that runaway, in turn, most likely
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then infected several wild non-domesticated species. Phylogenetic
relatedness can help to inform solutions to many parasitic diagnostic,
treatment, and epidemiological control problems. The molecular
phylogenetic studies, demonstrating genetically differentiated human and
animal host-associated mite inhabitants, reflect efforts at emerging
serodiagnostic tests. Serodiagnosis of scabies in animals can be diagnosed
by Enzyme-linked immunosorbent assay (ELISA) kits, using mite extracts
of S. scabiei var. Vulpes (Walton et al., 1999; Hollanders et al., 1997). But,
these tests have little sensitivity for scabies in humans ( Walton et al,,
1999). Currently, the confirmative diagnosis of human scabies infection
requires the collection of skin scrapings and identification of a mite, mite
parts, eggs, or mite fecal pellets. While this method is highly specific, the
diagnostic sensitivity is low due to the low number of mites present in
ordinary scabies. Currently, the sensitive detection of IgE reactivity in
humans has been established with genus-specific scabies mite epitopes for
differential diagnosis of scabies mite allergy from an allergy to house dust
mites. The extent of the growth of resistant mechanisms to chemotherapy
may also be restricted or enhanced by Sarcoptes population genetic wub-
structuring. Evidence for de novo ivermectin resistance has arisen
following intensive treatment of crusted scabies patients in Darwin,
Australia (Currie et al., 2004; Mounsey et al., 2009). The growing of in
vitro tolerance of S. scabiei var hominis has also been connected to
mutations in target voltage-sensitive sodium channel genes. Information
on phylogenetic connections of Sarcoptes host-associated inhabitants is
important, as likely developing resistance may occur in sympatric
inhabitants via recombination or horizontal gene transmission. The
presence of a limitation to free gene exchange between host-associated
populations of scabies mites suggests that effective controlling practices
can be established for targeted inhabitants (Walton et al., 1999).
Evolutionary research and population dynamics may also contribute to
Sarcoptes vaccine growth. In the developed countries and some wild
animal populations, transmission of the scabies mite is probably not
density-dependent but rather based more on sexual or familial
transmission. If so, the efficacy of a vaccine may prove debatable. This is
in contrast to disadvantaged communities with high population densities
and endemic scabies, in which a vaccine would be highly advantageous.
However, changing environments such as increasing use of
institutionalized care for the elderly and day care for the very young,
establish susceptible populations with high population density, and
reduced immunity. Evidence of increasing institutional outbreaks of
scabies has been reported in the literature (Walton et al., 2004; Walton
et al., 2010). Usually, vaccination is most effective in small inhabitants
facing very high infection rates. Design of future control plans for scabies
will be enhanced with growing evidence on the epidemiology and
evolutionary understanding of the Sarcoptes mite in multiple-host
systems, and the vaccination or treatment procedures are tending to be
most effective under diverse illnesses. The inflammatory reaction to
scabies mites may also have a role in development. The severe
parasitization of the skin in crusted (Norwegian) scabies is similar to the
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sarcoptic mange of animals, and it is not unexpected that at one time cases
of crusted scabies were believed to be of animal source. Ordinary scabies
displays a mite burrow as diagnostic but never appear in crusted or animal
scabies, and is similarly not appear on human skin in transient infestations
of animal varieties of scabies mites. The amplified strength of
inflammation in crusted and animal scabies may reveal changes in host
immunogenetics, changes in gut microbial and diet affecting immunity,
and/or the effect of cross-reactivity with other parasites leading to boosted
susceptibility and sensitization. Classical transmission research record an
early increase in scabies mite numbers after primary infestation with a
gradual decrease as host immunity develops (Morgan & Arlian, 2010).
Morgan & Arlian, (2010) propose that the coevolution of the mite with the
mammalian host has preferred the choice of parasite adaptations, allowing
it to down-regulate aspects of the host’s innate and immune responses, as
seen in ordinary scabies. Experiments on human skin equivalents
demonstrate that scabies mites can downregulate the expression of many
cytokines and adhesion molecules of skin epidermal keratinocytes, dermal
fibroblasts, and dermal microvascular endothelial cells (Walton et al.,
2010). Additional studies exploring evolutionary interactions can also aid
in explaining alterations distinguished in innate and antibody-dependent
and independent immune activation events in ordinary, crusted, or animal
scabies (Walton et al., 2010). Increased information on the structural and
functional mechanisms of immune evasion and survival by different host-
associated parasite inhabitants could well result in enhanced control and
controlling.

1.6. Human clinical scabies: detection and controlling

The most clinical's challenging problems for general physicians and
experts likewise remains the scabies. There are different -clinical
presentations of human scabies. The ordinary scabies usually appeared in
healthy adults in whom sexual transmission plays an important role, with
consequent between familial contact spreading, particularly to children.
However, these patients have only a little mite load averaging ~10 adult
female mites/patients. Nevertheless, the immunosuppressed patients
show the rare covered or keratotic lesion of scabies that have very heavy
mite loads and may number in the hundreds or thousands, often with little
or no pruritis. The atypical crusted is the third form of scabies that seen in
nursing homes, institutions, and HIV/AIDS affected patients that present
with an considerable mite problem and characteristic pruritis. The
pseudo- or psycho-scabies is the fourth form that appears in effectively
treated patients and institutional workers or family members
accompanying with recognized scabies patients, who though not infested,
suffer from misunderstandings as a purpose of the “power of proposal.”
This last group is not to be confused with the identified persistence of
inflammation (and itch) that is not unusual following effective therapy in
scabies patients and that can last for several weeks and irregularly longer.
It is very important to mention that scabies is at once the easiest and most
difficult diagnosis in medicine and all four forms of scabies present
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challenges to the clinician. The extensive contact of a noninfected person
with an infested patient lead to transmitting of mites that results of
scabies. The mites males fertilized the adult female mites. This female
then burrows into the stratum granulosum of the skin, laying zero to four
eggs every day along more than six weeks before it dies. Two to four days
after eggs are laid, larvae hatch and cut through the skin surface and start
to excavate new burrows. After three to four days, the larvae molt into
protonymphs, which two to three days later molt into tritonymphs, from
which an adult male or female develops after a further five to six days. The
whole cycle takes about two weeks (Figure. 1). Sensitization occurs to mite
metabolites after a period of three to six weeks, resulting in pruritis.
Sensitization to mite antigens can be demonstrated a month after
following primary infestation, with both humoral and cellular responses
evident. Most essentially, the ability of these patients to transmit scabies
during this “incubation period,” leading to the endorsement of treating all
members in a household with some exclusions. The intrafamilial
transmission considers as the most common following sexual transmission
among adults that reported in different epidemiologic studies.

1.7.Clinical features

Scabies in adults and older children frequently appears as an extremely
pruritic rash, typically more apparent at night. The rash is measured to
result from combinations of two processes: papular or vesicular lesions
happening at the place of burrows created by adult and larval mites and a
widespread pruritic and erythematous papular eruption that is unrelated
to apparent individual mites and that is thought to be an immunological
response (Currie, 2005). Regions most habitually exaggerated are where
the stratum corneum is most thin with few hair follicles, commonly
including the interdigital webs of the digits, flexor surface of the wrist,
extensor surfaces of the elbows, and other similar areas but seldom in the
face, head, and neck. Children and adults in tropical regions repeatedly
have the involvement of palms, soles, face, neck, and scalp. The classic
sign of scabies is the burrow or more frequently papules. Burrows appear
as grayish, reddish, or brownish lines, 2—15 mm long. Egg cases and mite
fecal pellets are present inside the burrow. The papule at the burrow
surface is usually small and erythematous, often attacked or concealed by
a small blood clot. Children and adults in tropical areas, as well as patients
who wash regularly and practice excellent personal hygiene, may not
display burrows, thus challenging clinical doubt and correct diagnosis
(Currie, 2005). Confusing the clinical impression is the fact that affected
skin may exhibit secondary bacterial infection. Scabies frequently
analogous to syphilis and may display a variety of other manifestations.
These are involving scabies “incognito” in patients who have received
topical or systemic steroids, nodular scabies with reddish-brown pruritic
nodules present, and infrequently crusted or hyperkeratotic scabies,
mainly in patients who are elderly or immunosuppressed. The patient with
crusted scabies has enormous mite burdens in their living environment,
clothing, and bedding, posing a risk to family and caretakers ( Carslaw et
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al., 1975; O’Donnell et al., 1990). This kind of scabies is commonly called
as “Norwegian” scabies, that firstly described by Danielsson and Boeck it
in Norwegian leprosy patients in 1848 ( Danielsson & Boeck, 1848).

1.8. Diagnosis and treatment

The diagnosis of scabies is commonly challenging because scabies is “at
once the easiest and most difficult diagnosis in medicine.” A final diagnosis
is not straight as the typical skin tunnels regularly only become observable
after secondary infection or eczematous reaction. The scabies is defined as
a cause of acute glomerulonephritis as a consequence of the superinfection
of the lesions by B-hemolytic streptococci (Streptococcus pyogenes).
However, there is doubt about this. Clinically, the existence of burrows is
practically diagnostic, but as noticed earlier, they are not always found.
The involvement of other family members is very suggestive, according to
previous records (Orkin, 1971; Orkin, 1975). Skin scrapings and exfoliative
cytology are the most important methods for diagnosis, where the
suggestive skin lesion is lightly scraped to remove the superficial epidermis
and the oil deposited on a microscope slide. It is essential to collect
samples from numerous lesions onto one slide, and if adequate doubtful
lesions are found, to make at least four to six slides. Mites and eggs should
be examined under low power of 40X methodically. The Sarcoptes mites
appear as turtle-shaped, and the examiner should not be confused with
very elongated Demodex folliculorum or D. brevis mites on patients. A
second method is to tease out a mite with a mounted needle probe to better
view the process and doubtful location within a papule or burrow. This part
can be better defined with the burrow ink test, in which an uncertain lesion
is rubbed with a blue or black felt tip pen and the area is then washed with
an alcohol pad with capillary action, drawing the ink into the region thus
creating a distinguishing dark, zigzagged line passing across and far from
the lesion. Lesions can also be curetted or biopsied if needed. The scabies
is responsible for provoking papular, pruritic skin rash. The itching also
occurs at the sites where the mites themselves are found, e.g., between the
fingers, wrists, elbows, genitalia. Meanwhile, body parts that are not
infested by scabies mites are also showed rash. Backsides, shoulders,
groin, ankles, and arms can become itchy. The rash nearly not occurs on
the head, palms of the hands, and soles of the feet in classic scabies. Mite
allergens are the cause of the patient hypersensitive that lead to the
appearance of the rash. In a person who has never been infested to scabies,
the rash commonly arises 4-6 weeks after infection. However, in
previously infested people, it occurs much more rapidly, sometimes within
just a few days. The symptoms and lesions of scabies can persist for weeks
(e.g., scabies nodules on the scrotum and penis), despite effective
treatment. Moreover, the hypersensitivity to the scabies mite does not
disappear immediately after the death of the parasite. In veterinary
medicine, the serologic tests are available and are being assessed for
humans but could be unclear in distinguishing current infections from the
previous infestation. Moreover, eosinophilia and high IgE levels are very
common in scabies, which is also realized with many other endemic
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parasitic infections ( Currie, 2005). Skin scrapings stay the “gold standard”
of scabies diagnosis and that needle probe techniques can be done by a
clinician who obtains knowledge with the method in highly endemic
locations. The topical acaricides are the common scabies therapy, though
oral ivermectin is increasingly being used in certain situations, most
remarkably for crusted scabies). In Great Britain and the United States,
the topical permethrin and oral ivermectin are found recently as the
reasonable best medication options. The preventive treatment is also
recommended in close sexual and nonsexual contacts.

1.9.Zoonotic aspects of camel’s mange

Mange of the camels is one of the most important zoonotic diseases
(Schillinger, 1987;Higginsa, 1983; Ric hardd, 1979). Camelids mange is caused
by Sarcoptes scabiei var. cameli (Richardd, 1979). The recognizable clinical
symptoms of the disease in camels are pruritus, hair loss, and loss of condition
(Curassong, 1947; Leese, 1927; Rathore & Lodha, 1973). Additionally, the acute
form can lead to a subacute or chronic form (Rathore & Lodha, 1973). Direct
transmission of camel’s mange to man is widespread and occurs due to the close
and maintain contact of the herdsmen with their camels, resulting in the
condition in man termed pseudorabies ( Higgins, 1984; Fain, 1978; Kraft, 1956).
The transmission from camel to man usually occurs during milking. The more
common sites of the lesions are seen in the forearms, especially in the hand's
interdigital spaces, the flexor surface of the wrists, the elbows, and axillary
folds. Besides, the lesions occur between the thighs n the case of camel riders.
Once a herd has been infested, continuous reinfections arise that make a
difficult assessment to whether the disease in man is self-limiting, as described
for sarcoptic mange transmitted from other animals to man (Zumpt & Ledger,
1973; Chakrabarti, 1985). To control this zoonosis of the pseudoscabies in
humans, it is important to treat both camels and men. The treatment to be
preferred in man is hexachlorcyclohexane (Chakrabarti et al., 1981). There are
several factors responsible for the unsuccessful use of organochlorine and
organophosphorus acaricides in camels such as lack of water, incorrect
preparation and inadequate application of washes and sprays as well as nomadic
living conditions which prevent repeated treatments. Therefore, the alternative
is the subcutaneous injection of ivermectin at 0.2 mg/kg body weight (Meigel,
1979). This treatment not only kills the sarcoptic mites but most of the
gastrointestinal nematodes of the dromedary as well ( Hashim & Wasfi, 1986).

1.10. Conclusion

In conclusion, the persistence of scabies is dated back to ancient times, and
it's spreading back in evolutionary “deep time” as an assumed uniquely
human parasite that expanded its host base to animals following
domestication and later wildlife species. The scabies leftovers as a very severe
dermatological condition in third world population, particularly in the
institutional, and sexually active young adults with numerous partners and
their household members. The development of this problem is some parasites
may be more successfully tackled with molecular studies of its genetic
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structure and immune responses, leading to more effective diagnostic
abilities to address the ever-challenging objectives of effective treatment and
control.

2. Ticks
2.1. Introduction

Globally, ticks ( Figure.2) are currently measured to stand second only to
mosquitoes as vectors of human infectious diseases. Every tick species has
favored ecological circumstances and biotopes that regulate the
environmental and geographical circulation of the ticks and, accordingly, the
danger parts for tickborne illnesses. This is precisely the instance when ticks
are vectors and reservoirs of the pathogens. Subsequently, in 1982, the cause
of Lyme disease was recognized as the Borrelia burgdorferi, and 15 ixodid-
borne microbial infectious pathogens have been defined in the world,
including 4 species of the Borrelia burgdorferi complex, 8 rickettsiae, and 3
Ehrlichia. Ticks are obligatory hematophagous arthropods that parasitize
every class of vertebrates in almost every region of the sphere (Boyce et al.,
1984). About 869 species or subspecies of ticks were reported in 1996
(Sonenshine, 1991). There are two main tick families that are varied both
structurally and in their life cycle. These families are as follow:

« The Ixodidae, or “hard ticks,” so named for their sclerotized dorsal plate,
that is the most significant family in numerical terms and medical
importance, and comprises 2 major groups, the Prostriata, and the
Metastriata

« The Argasidae, or “soft ticks,” so named for their flexible cuticle (Boyce et
al., 1984). Two subfamilies are currently recognized in the Argasidae: the
Argasinae and the Ornithodorinae (Roncalli, 1987).

While, the third family, the Nuttalliellidae, is represented by only a single
species that is limited to southern Africa.

The lifecycle of ticks pass into three 3 stages:

o thelarval,

« nymphal

o adult (male and female).

Ixodids have an amount of features that develop their vector potential and
feed for relatively long periods (several days), through which they continue
tightly attached to the host. Moreover, their bite is commonly painless, and
they may go unseen for prolonged periods. Each phase of the tick suckles only
once, and this feeding may include an abundant diversity of vertebrates that
inhabit extremely diverse habitats (Boyce et al., 1984). Instead, Argasids
suckle briefly and often, usually on a single host species. They tend to live in
dry areas, and most species live in sheltered sites near their hosts (Boyce et
al., 1984). For thousands of years, ticks have been recognized as human
parasites that were recorded by ancient Greek writers, including Homer and
Aristotle (Boyce et al.,, 1984). Ticks were confirmed for the first time to
transmit infectious agents at the end of the 19th century. Boophilus

12



Karima Akool Al-Salihi (2020); 9 (1):1-25
Mirror of Research in Veterinary Sciences and Animals

annulatus were proved to transmit the protozoan Babesia bigemina, the
cause of Texas cattle fever. Ticks were accused as vectors of human bacterial
diseases at the beginning of the 20th century. Later on, ticks were approved
to transmit Borrelia duttonii (Tick relapsing fever) (Sonenshine, 1991), and
Ricketts (Dutton & Todd, (1905) and Rickettsia rickettsii, the agent of the
Rocky Mountain spotted fever. The first cases of Mediterranean spotted fever
were recorded in Tunis by Conor and Bruch (Ricketts, 1909), and the
responsibility of Rhipicephalus sanguineus, the brown dog tick, in the
spreading of the disease was proven in the 1930s (Conor &Bruch, 1910). The
epidemiology of tularemia and the role of blood-sucking arthropods,
including ticks, were reported by Francis (Brumpt, 1932) in 1929. Many
protozoa, viral, and bacterial tickborne diseases were defined in animals and
humans (Francis, 1929) following World War II. Lyme borreliosis disease due
to Borrelia burgdorferi was described ( Sonenshine, 1993).) in the 1980s.
Moreover, the disease is recently appeared as the most important vector-
borne disease in Europe and the United States. Meanwhile, some emerging
tickborne rickettsioses have been recorded from around the world ( Johnson
et al., 1984), and bacteria of the genus Ehrlichia have become approved as
tickborne human pathogens in the United States and Europe (Raoult, 1997).
Ticks can act not only as vectors, but also as reservoirs of tick-transmitted
bacteria, involving spotted fever group rickettsiae, recurrent fever borreliae,
and Francisella tularensis. Ticks are transmitted bacteria in two ways as
follows:

« The transstadially (from stage to stage from larvae to nymphs and adults)
» The transovarially (from one generation to the next via the female ovaries).

There are best ecological circumstances and biotopes for each tick species,
and these establish the geographic spreading of the ticks and, therefore, the
hazard areas for tickborne diseases, chiefly when ticks are equally vectors and
reservoirs of pathogens. There are various families of ticks, and these are as
follows: the Ixodidae, or “hard ticks” (694 species), the Argasidae, or “soft
ticks” (177 species), and the Nuttalliellidae that represented by a single
species confined to southern Africa (Boyce et al., 1984; Walker & Dumler,
1996; Oliver, 1989).

The common concept of the longstanding development of ticks is built on
theories suggesting that structural, biological, and genetic variations of ticks
show alterations related to the strength of the hosts and host specificity (
Hoogstral & Aeschlimann 1982; Klompen et al., 1996). The gene sequence
investigation of nuclear rDNA and mitochondrial are applied to detect
phylogenic connections between ticks. Studies with incomplete sequences of
the 16S rDNA mitochondrial gene provided results that were variable with
conventional phylogeny; the analyses conserve that the Argasinae are not
monophyletic but are an associated cluster of the hard ticks (Klompen et al.,
1996). Additional reports that applied incomplete sequences of nuclear rDNA
genes have consequently described analogous outcomes (Black, Piesman,
1994). Examination of these sequences, nonetheless, often shows no
variances among associated species and thought those fitting to different
genera, for example Rhipicephalus pusillus and B. annulatus. The
comparisons of sequences of the mitochondrial 16S rRNA (Crampton et al,,
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1996) and, more recently, the 12S rRNA genes have been clarified as valuable
approaches to analysis the phylogeny of closely connected species. Though
they also allowed some associations inside the Rhipicephalinae and the
closely related species of the genus Rhipicephalus to be determined, the
phylogeny of members of the Metastriata yet leftovers vague, and studies of
additional genes are essential.

2.2, Ixodidae or Hard Ticks

These ticks have a large-body-size (2—30 mm) acarines. The nymphs and
adults possess 4 pairs of walking legs, while larvae have only 3. Dissimilar
insects, all stages have no antennae, and their bodies are not separated into a
distinct head, thorax, and abdomen (Boyce et al., 1984; Mangold et al., 1998).
The frontal part of the body, the capitulum, bears the mouthparts, involving
cutting organs, sensory organs, and a median immobile organ (the
hypostome) with numerous recurved teeth that anchor the tick to the host’s
skin. The ixodids are characterized by the presence of the scutum (sclerotized
plate ) on the dorsal surface of the body, and the residue of the body is capable
of enlarging during feeding (Boyce et al., 1984; Mangold et al., 1998). Ticks
have a circulatory system, that bathed and all organs and tissues by a
circulating fluid, the hemolymph (Boyce et al., 1984; Mangold et al., 1998).
Eyes are absence in many ticks. However, ticks have a diversity of marginal
sensory structures. They include hair-like structures on the body, legs, and
mouthparts, the sensory complex located on the dorsal surface of the tarsus
of leg I, that encloses Haller’s organ (a group of olfactory and gustatory

14



Karima Akool Al-Salihi (2020); 9 (1):1-25
Mirror of Research in Veterinary Sciences and Animals

receptors). These sensory organs are vital in allowing ticks to find their hosts
and also to interact with other ticks.

2.2.1. Ecology and Life cycles

Classically, ixodid ticks develop a 3- host life cycle, with each feeding stage of
the tick (larva, nymph, and adult) taking a single host (Boyce et al., 1984;
Francis 1929; Mangold et al., 1998). Every stage of the tick looking for a host
attaches and then feeds over several days. Once replete, the tick separates and
dropping from the host, locates in a resting place where it can digest its blood
meal and molt to the next feeding stage, or enter di-a pause, (a state
characterized by reduced metabolism and delayed development). In a few
species, the juvenile forms may persist on the host during molting.
Commonly, adult males feed only briefly and sparingly, and some do not feed
at all. Commonly, the mating occurs on the host. Subsequently, the females
separate and drop off the host to digest their blood meal. They then lay their
eggs, from 400 to 120,000 differing on the species, in a sheltered milieu and
die (Boyce et al., 1984; Francis 1929; Mangold et al., 1998).. Pheromones play
an important role in the behavior of ticks and accelerate ticks’ discovering
their hosts and their mates. They involve assembly pheromones, which bring
ticks together, and sex pheromones, that attract males to females and
encourage growth. The life cycle of ixodid ticks is typically accomplished in
2—3 years, but it may take from 6 months to 6 years, varying with ecological
circumstances (temperature, relative humidity, and photoperiod).

2.2.2, Host seeking

About 190% of Ixodid tick's life is spent unattached from their host (Hillyard,
1996), and most of them are living in open milieus, fields, or jungles
(exophilic). Ticks are commonly active during specific seasons and looking
for their hosts as ecological situations are very appropriate. Moreover, ticks
are extremely alert to stimuli that reveal the occurrence of the hosts. These
involve chemical stimuli, aromatic chemicals, humidity, and airborne
atmospheres and body temperatures related to warm-blooded mammals. The
exophilic ticks have two distinctive host-seeking performance forms. In the
trap approach, ticks rise shrubbery and pause for moving hosts, with their
front legs detained out in the same way as are insect probe. In the tracker
approach, ticks attack hosts and appear from their environment and track
toward their hosts when these animals appear close. Few tick species are
host-specific, suckling on merely a narrow diversity of creatures. Some ticks
have diverse hosts for each feeding stage, and host specificity may differ
between the dissimilar phases in the same types.

2.2.3.Feeding and Attachment of ticks

The ticks may walk across on its host for numerous hours before feeding. It
introduces only its hypostome into the skin, and numerous elements made
by the salivary glands that enter the host during this penetration and
producing a feeding pond (Boyce et al., 1984; Francis 1929; Mangold et al.,
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1998).. Throughout the earliest 24—36 h of attachment, the ingestion of blood
is the absence or little, and the penetration and attachment are the main
activity. The salivary excretions formed by ixodid ticks involved enzymes, a
cement to anchor the mouthparts to the skin of the host, and anti-
inflammatory, anti-hemostatic, vasodilators, and immunosuppressive
substances. These enable effective blood-feeding, and an anesthetic in the
saliva types the bite of ixodid ticks commonly painless. The toxins in the
saliva of some species may also cause paralysis of the host (Boyce et al., 1984;
Francis 1929; Mangold et al.,, 1998). Ixodid ticks nourish for extensive
periods, and 2—-15 days are essential for a whole blood meal to be consumed,
according to the feeding stage, species of tick, type of host, and site of
attachment. An early sluggish feeding period (3—4 days) is followed by a
period of fast distension (1—3 days) when ticks, mainly females, may increase
their body weight up to 120- fold. While feeding, there are alternating stages
of sucking blood and salivation, with vomiting happening regularly, at the
end of the rapid engorgement stage. Throughout the early slow feeding stage,
there is constant digestion of the blood meal in the midgut, and evacuation
may occur. In the phase of rapid engorgement, there is reduction indigestion,
but this develops and continuous after the tick is complete and detaches from
the host. Ticks rapidly concentrate the blood meal by removing water and
electrolytes in the feces, throughout transpiration, and in salivary gland
secretions. Undigested deposits from the midgut and wastes from the
excretory body are removed through the anus.

2.3. The Soft Ticks or Argasidae

The soft ticks or argasids are quite different from the ixodids. The argasids
salivary glands do not make cement and comprise anticoagulant and cytolytic
substances because the feeding only takes a short time (Boyce et al., 1984;
Francis 1929). Some larval stages, argasids may feed up to 10 times, develop
and replete in a few hours. The coxal organs converge the blood meal, and the
coxal fluid is discharged during and after the meal. The time spent on the host
is relatively short, and after every meal, these ticks are classically originated
in cracks and crevices in their habitats or just below the soil surface.

2.4. Tick’s diseases
2.4.1. A Noninfectious Tickborne Disease: Tick Paralysis

Ticks can transmit many pathogens, but the prolonged attachment (5—7 days)
of certain species of ticks may result in paralysis of the host (Francis 1929;
Needham & Teel, 1991; Dworkin et al., 1999). due to neurotoxic substances
formed by the salivary glands of involved distended ticks (particularly
females). Tick paralysis occurs globally, and it was firstly reported in
Australia in 1824. There are more than 40 species of ticks from both families
have been involved in the condition (Needham & Teel, 1991; Dworkin et al.,
1999). Tick paralysis happens more often in children, though adults may also
be affected. The most important clinical signs include weakness in the lower
extremities, which rises within hours or days to include the trunk
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musculature, upper extremities, and head. Patients may reveal ataxia or
respiratory pain, and mortality rates of up to 10% have been reported
(Examination of CSF samples commonly shows no irregularities, and the
diagnosis of the condition varies with a history of tick bite or finding a tick on
the body of the patient. Elimination of the tick can cause a rapid recovery
within 24 hrs (Needham & Teel, 1991; Dworkin et al., 1999).

2.4.2.Control

1. Reduction and controlling of tick populations are very challenging ( 79,
80). Milieu variations, involving vegetation management by cutting,
burning, and herbicide treatment, and drainage of wet areas are one policy
for tick control, but their effects are often short-lived, and they can cause
severe ecological damage. In some areas, host exclusion or depopulation may
result in a reduction in the density of ticks, but this is generally unreasonable
and is also not environmentally rigorous.

2. The use of organophosphates or pyrethroids, which may be combined
with pheromones to control ticks, may cause environmental contamination
and toxicity for animals and humans, even when applied only to selected
habitats. Acaricides, nevertheless, can be used directly to wild or domestic
hosts to kill attached ticks and disturb tick nourishing.

3. Biological control methods for ticks are also existing, and these include
the elevation of natural predators (including beetles, spiders, and ants),
parasites (insects, mites, and nematodes), and bacterial pathogens of ticks;
the mass discharge of males pasteurized by irradiation or hybridization; and
the immunization of hosts against ticks ( Felz et al.,2000; Felz et al., 1999;
Jongejan & Uilenberg, 1994).

4. Recently, the control of ticks infestation is based on the perception of
combined pest managing, in which different control methods are altered to
one area or against one tick species with due consideration to their
environmental effects.

2.4.3. Tickborne infectious diseases
A. Bacteria and ticks

Ticks may develop infected with bacteria by feeding on bacteremic animals
or by transstadial and transovarial transmission. All kinds of spreading may
occur for some bacteria; for example, the spotted fever group rickettsiae may
transmit via all routes ( Johnson et al., 1984). Three facts are necessary to
accept how bacteria are spread by ticks and the concerns for tickborne
bacterial diseases. These are as the following:

1. Rickettsiae grow in almost all organs and fluids of ticks, in certain the
salivary glands and ovaries, which allows diffusion of organisms during
feeding and transovarially, respectively. Other bacteria may be transmitted
transovarially but do not corrupt the salivary glands of their tick hosts and
cannot then be transmitted to vulnerable vertebrate hosts where they might
cause disease (Schmidtmann, 1994; Niebylski, 1999).
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2, Each phase of ixodid tick feeds only once, and bacteria gained by a tick
during feeding can then be spread to another host only when the tick has
sloughed to its next developmental phase. Not all species in a genus can
spread bacteria transstadially; such as, not all Ixodes species that requested
B. burgdorferi, the agent of Lyme disease, transfer the agent transstadially
and, consequently, act as vectors.

3. If the bacteria such as the rickettsiae are transmitted both
transstadially and transovarially in a tick species, this tick will also be the
reservoir of the bacteria, and the distribution of the disease caused by the
bacteria will be identical to that of its tick host (Table 3). It is very unusual,
but ticks may become infected with bacteria by cofeeding—that is, several
ticks feeding nearby on the host—and, therefore, the direct spread of bacteria
from an infected tick to an uninfected one might occur (( Johnson et al.,
1984). In only some rickettsiae and some species of relapsing fever, borreliae
have a sexual transmission of bacteria from an infected male to female ticks
been described (Johnson et al., 1984). Scarce information is available about
the significances of bacterial infections on the host ticks themselves,
nonetheless lowered fertility and great mortality have been reported in ticks
infected with R. rickettsii (Niebylski et al., 1997). Also, it has yet to be
recognized if the properties of bacteria, such as virulence, alter in the tick
hosts. It is reported that R. rickettsii loses its virulence in guinea pigs when
its host ticks are exposed to physiological pressure ( Johnson et al., 1984).

B. Tickborne zoonoses

The tick-transmitted bacterial diseases of humans that are presently known
are zoonoses, with the bacteria being preserved in natural sequences,
including ticks and wild and domestic animal hosts. The ticks may
infrequently feed on people and thus cause infections. For each bacterial
disease, one or numerous tick vectors and one or several reservoirs may occur
(Currie, 2005). Animal hosts are liable to the bacteria and have to develop a
moderately long period of bacteremia to be effective reservoirs of infection.
The infectivity of the reservoir hosts, the tick infestation rate, and the host
concentration are the main variables investigating the epidemiology of tick-
borne diseases. These are manipulated by numerous biological and
environmental elements (Currie, 2005), and which involve the inclination for
the host of the diverse stages of ticks, degree of tick-host connection,
periodical activities of equally ticks and host, the vulnerability of selected
hosts to the bacteria, ecological circumstances, and host resistance. The
percentage of ticks that gain bacterial infections may upsurge with the period
of their attachment on the reservoir host, although feeding, as is the case with
B. burgdorferi infections (Lane, 1994).

2.4.4.Transmission from ticks

Ticks spread bacteria to humans when their feeding sites are contaminated

with infected salivary secretions such as B. burgdorferi, spotted fever cluster

rickettsiae, relapsing fever borreliae; feces (Coxiella burnetii); or coxal fluid
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in the case of argasid ticks (some species of relapsing fever borreliae);
regurgitated midgut substances (B. burgdorferi); The amplified danger of
disease spread with increased attachment time has been confirmed for
spotted fever group rickettsiae and B. burgdorferi (Johnson et al., 1964). The
indirect paths of spread are also possible, such as contamination of abraded
skin or the eyes following the destroying of ticks by the fingers.

Ticks may fasten on people at various locations but are regularly located
round the head and neck, and in the groin, however, some ticks favored the
head and neck attachment sites such as D. variabilis, a vector of the Rocky
mountain spotted fever; while A. americanum, a vector of human
ehrlichiosis, attached mostly on the lower extremities and buttocks and in the
groin; and I. scapularis, which transmits B. burgdorferi, attached at a wide
variety of sites (Piesman et al., 1991).

It is essential to observe that ixodids frequently do not produce pain while
feeding, and immature phases are frequently not noticed on people because
of their small size. The maximum occurrence of Mediterranean spotted fever
happens in summer, the period while the immature phase of the vector is
most prevalent (Johnson et al., 1964). A record of a tick bite is then often not
reported by persons who have the tickborne disease diagnosed (Johnson et
al., 1964). Tick-related factors that affect the degrees of infection in humans
with tickborne bacterial diseases involve the occurrence of vector ticks and
their infection rate, their willingness to feed on people, and the occurrence of
their usual hosts. Human elements, like the probability of people entering the
tick’s biotope, the action of defeating ticks between fingers, and liability to
the bacteria, also work a role. For example, the brown dog tick, R.
sanguineus, is well modified to a human urban situation, where it is
reasonably host-specific and infrequently feeds on people. Amblyomma
species are the vectors of Rickettsia africae, in sub-Saharan Africa, and it is
the agent of African tick bite fever. These ticks are frequently infected with
the organism (150% in certain areas) and feed readily on people who enter
their biotopes (the bush). The seroprevalence in people from these areas is,
therefore, very high; it is often 180% (Johnson et al., 1964).

2.4.5. Conclusion

Ticks are considered as the most important intermediate host for more than
15 new tickborne bacterial diseases that described globally. Several elements
may clarify the amplified number of emerging tick-borne diseases or their
amplified incidence. People's outdoor activities have resulted in exposure to
ticks and tickborne pathogens. More actions need to improve awareness of
tickborne diseases among primary care physicians, additional studies of
potentially pathogenic bacteria originate in anthropophilic ticks, and
application of molecular biology techniques have all significantly enabled
studies of the epidemiology of emerging human tickborne diseases globally.
Furthermore, several Rickettsia, Borrelia, Ehrlichia, and even Bartonella
species have been found in ticks only, and their pathogenicity in humans is
yet to be investigated.
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