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ABSTRACT

Zoonosis pose a high risk to public health. It currently accounts for about 61% of global
infectious diseases in the world and about 71% of all zoonoses originates from wild animals.
Small mammals have a wide geographic distribution and are known reservoirs of zoonotic
pathogens. Some small mammal species such as Mastomys natalensis are anthropophilic and
hence come into contact with humans. This behavior raises genuine concern for potential
spillover of zoonotic pathogens from small mammals to humans, domestic animals and
livestock. Yet, there is scant information on the ecto- and edo-parasite of small mammals and
their zoonotic potential in tropical Savanna ecosystems. To bridge this knowledge gap, |
assessed the ectoparasites and gastrointestinal helminths of small mammals in the Savanna
ecosystem of the Muni-Pomadze ramsar site, and grassland in the University of Ghana,
Legon main campus. The small mammals were captured along line transects using Sherman
Live-traps baited with a mixture of corn meal and peanut butter. Captured individuals were
examined for mites, lice, ticks, fleas and gastrointestinal helminths. The parasitological
matrices: prevalence (%), mean intensity and mean abundance were calculated. The
differences of the parasitological matrices between female and male individual were
examined using Chi-Square test at a 5% level of significance. A total of 108 small mammal
individuals of two species were captured from the two study sites. Mastomys natalensis was
the dominant species with 95.4% of the total captures (103 out of 108) and Lemniscomys
striatus made up the rest. In Muni-Pomadze, one ectoparasite (Haemaphysalis leachi) and
nine gastrointestinal helminths were identified with Ascaris Hymenolepis and being the most
prevalent (17.6%) and least (2.9%) prevalent helminths. In the grassland in the University of
Ghana, Legon main campus, three gastro-intestinal helminths were identified, with the most
prevalent being Ascaris (32.4%) and Trichuris (9.5%) the least). There was no significant

difference of helminth infection between sex of mammals in Muni-Pomadze except for

xii



Trichuris [¥? =5.0135, df=1, p=0.0251] where infection was significantly higher in females;
Dicrocoelium [x? =4.1628, df=1, p=0.0413]; and Hymenolepis [¢*> =4.2236, df=1, p=0.0399]
where infection was significantly higher in males. In the grassland in the University of
Ghana, Strongyloides was significantly higher in females [y*> =16.1023, df=1, p<0.0001]. In
Muni-Pomadze, the mean intensity was higher in females: Ascaris (14.33), Trichuris (8.33),
while in University of Ghana main campus, it was higher in males: Ascaris (3.46),
Strongyloides (7.22) and Trichuris (16.5). In the University of Ghana main campus, the mean
abundance was higher in females: Ascaris (17.91), Strongyloides (16.41), Trichuris (11.56).
Overall, my study has added to the literature on macroparasites in small mammals. |
recommend further studies including molecular work to better understand the public health

risk posed by these small mammals’ intestinal helminths.

Key words: helminth, parasite, Muni-Pomadze, parasite, Mastomys natalensis, Lemniscomys

striatus
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CHAPTER ONE

INTRODUCTION

1.1 General Introduction

Zoonosis pose a high risk to public health. It currently accounts for about 61% of global
infectious diseases in the world and about 71% of all zoonoses originates from wild animals.
(Cutler et al., 2010; WHO, 2012). Diseases that are zoonotic appear to be on the rise
worldwide (Cantas and Suer, 2014), and about 25% of the world’s population have been
affected by at least one zoonotic disease (Gilian et al., 2006). Many human infections are
zoonotic and for most of these, the source of infection is a wildlife reservoir (Davis et al.,
2005). Wildlife including mammals are responsible for a large number of diseases which
include some of the most virulent diseases like Ebola, rabies and anthrax, and the situation is
enhanced by consuming products that are gotten from game (Pavlin et al., 2009). The
consumption of wildlife animals, and the spillover of infectious diseases from wildlife to

food/production animals, should not be overlooked.

Children of school going age are at a higher risk of helminth infection as 25-33.3% of entire
world population of at least two helminthic infections (De Silva et al., 2003). Since cross-
species transmission is the main characteristic of zoonoses, an ecological understanding
involving all related hosts is of particular importance for understanding the occurrence of
helminth infection in humans (Keeling, 2008). The rate of human infection depends on the
prevalence in the animal reservoir, the rate of human-animal contacts and the probability of
infection per contact. The frequency, duration and quality of the contact are different in
zoonoses transmitted by wildlife, domestic animals or pets (Lloyd-Smith et al., 2009).

In several third-world countries, game forms reservoir for foodborne pathogens (Wielinga

and Schlundt, 2014). While there is a large body of knowledge of intra-species transmission



of infectious diseases, we know surprisingly little about the dynamics of between-species
transmission of zoonotic diseases (Lloyd-Smith et al., 2009). The main drivers for infectious
diseases outbreaks and emerging infectious diseases remain human population density and
growth and their associated antropogenic land-use change (Daszak et al., 2001; Patz et al.,
2004; Jones et al., 2008).

Small mammals are one of the highly successful and diverse groups of mammals and found
in a wide variety of habitats and play important role in the maintenance of the ecosystem and
particularly the food chain. Small mammals act as vital components in various ecosystems
either as a prey or predator and sometimes as a carrier/reservoir of diseases (Ezeudu et al.,
2017). They are also sources of transmission for various viral, rickettsial and bacterial
pathogens that cause diseases in humans (Woodhouse et al., 2001). When the small mammal
population in an area increases, it can be directly related to a corresponding increase in
zoonotic diseases in human population (Kataranovski et al., 2011). The reason being that they
are well recognized to harbour a number of ectoparasites and endoparasites that can cause
health problems in humans who live very close to small mammals’ populations and even
higher risks to those who eat them (Mohd Zain et al., 2012).

Zoonotic diseases can be characterized by their route of transmission: (i) direct animal-human
transmission; (ii) vector-borne transmission; and (iii) environment (water, soil, food)-borne
transmission. Zoonoses can be distinguished in three main levels, according to their
transmissibility in humans: (i) diseases like brucellosis and rabies which are transmitted to
human without human-to-human transmission, where Ro>1 in animals and <1 in humans; (ii)
pathogens that spill over into populations with limited human-to-human transmission (eg.
Monkey-pox) with Ro in humans close to 1 and may lead to ‘stuttering transmission’; and (iii)
diseases like influenza that persist in animal reservoirs but once transmitted to humans may
cause persistent and even epidemic transmission in humans with Ro > 1 (Lloyd-Smith et al.,

2009).



1.2 Justification of the study

New diseases are emerging and are highly infective and also spreads quickly, with the
reemergence of some infectious diseases, and these infections have been linked to mammals
(Mackenzie et al., 2014). About 25% of the world’s population have been affected by at least
one zoonotic disease (Gilian et al., 2006). The interface between humans, animals, and the
environments could be a source of diseases impacting public health and the social and
economic well-being of the world population (WHO, 2020). Moreover, multimammate rats
are reservoirs and vectors of human pathogens (Lecompte et al. 2006, Meheretu et al., 2013),
including plague and Lassa fever (Green et al. 1978, Fichet-Calvet et al., 2007). The latter is
caused by arenaviruses, some of which have recently been found to be specific to particular
rodent species and even intraspecific clades (Gryseels et al., 2017, Gouy de Bellocq et al.,
2020). Similarly, the spread of several viral diseases such as Lassa fever, Ebola virus disease
and Coronavirus disease 2019, have been linked to small mammals. The small mammal,
Mastomys natalensis is a very common and rodents that is found all over Africa (Coetzee,
2010).

Many studies have reported on intestinal parasites in small mammals (Munjita et al., 2022).
Small mammals are highly prolific and often associated with human dwellings and as a
result, either as hosts or reservoirs for some parasite infection (Durnez et al., 2008, 2010;
Fyfe et al., 2010). Small mammals could adapt easily and therefore it would be expected to
find difference in its behaviuor (Fyfe et al., 2010). Throughout its range a common factor is
found: when one compares the population density in the open bush with that surround human
habitations, the latter is normally higher and its anthropophilic nature means it could transmit
diseases (Fyfe et al., 2010).

As an international reserve site, the Muni-Pomadze Ramsar site serves a lot of purposes for
both water birds and the human population in the neighbourhood. Not only does it control

3



flooding but the area also serves as the site where the two Asafo companies (warrior groups)
in Winneba go to catch live bushbuck (Tragelaphus scriptus) for the performance of rituals
associated with the annual Aboakyir (literally, animal catching) festival. The traditional laws
that prohibit the cutting of wood from the sacred forest either for fuel or for any other use are
often flouted (Gordon et al., 2000). The grassland in the University of Ghana, Legon main
campus also serves as a site for academic exercise, and boast of several species of animals
including birds. This creates a situation where there appears to be no barriers between the
small mammal population and the humans. Several biodiversity studies on wildlife and
insects have been carried out on the Muni-Pomadze Ramsar site, and likewise the grassland
in the University of Ghana, Legon main campus. Not much is known about the
macroparasites that small mammals in the Muni-Pomadze ramsar site and the grassland in the
University of Ghana main campus harbour and the potential spill over to the human
population that may come into contact with them.

Therefore, this study sought to investigate the ecto- and gastrointestinal parasites of small
terrestrial mammals, found in Muni-Pomadze ramsar site and the grtassland in the University

of Ghana, Legon main campus grassland ecosytem.

1.3 Study Objectives

The objectives for the study are as follows:

1.3.1 General objective

The main aim of the study is to investigate parasites in small terrestrial mammals in Muni-

Pomadze Ramsar site and the University of Ghana main campus.

1.3.2 Specific objectives

1. To identify small mammal species in the study areas
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2. To estimate prevalence of gastrointestinal parasites in the small terrestrial mammals.

3. To characterise ectoparasites in the small mammals caught from the study sites.




CHAPTER TWO

LITERATURE REVIEW

2.1 Ectoparasites of small mammals

Ectoparasites are organisms that live or infect only the superficial layers of the skin of a host,
from which they derive their sustenance (Zeibig, 2013). Although the term ectoparasites can
broadly include temporarily blood-sucking arthropods such as mosquitoes, this term is
generally used more narrowly to refer to pathogens such as ticks, fleas, lice, parasitic flies
and mites that attach or burrow into the skin and remain there for relatively long periods of
time (Zeibig, 2013). Several ectoparasites use small mammals as hosts for their survival. A

few of these ectoparasites are discussed below.

2.1.1 Tick infestation

Ticks (Acari: Ixodida) are external parasites of terrestrial vertebrates that feed on blood and
tissue of their hosts; and are considered to be the second only to mosquitoes worldwide
vectors of human diseases, but they are regarded as the most prevalent vectors of disease-
causing pathogens in domestic and wild animals (De la Fuente, 2008). There are three
families of ticks, two of which are considered to be of veterinary and medical significance-
Ixodidae (hard ticks) and Argasidae (soft ticks), which are composed of 702 and 193
described species, respectively (Guglielmone et al., 2010; Nava, Guglielmone and Mangold,
2009). Ixodidae possess the most complex feeding biology of all hematophagous arthropods
(Sojka et al., 2013). Ticks of the Rhipicephalus genus (Acari: Ixodidae) are obligate
hematophagous arthropods, and a model for the study of ectoparasites vector-host

interactions (Dantas-Torres, 2008; Tabor et al., 2017; Antunes et al., 2018). Ticks are the



obligate blood-feeding ecto-parasites of many hosts, including mammals, birds, and reptiles,
and are also vectors for several bacterial, parasitic, or viral pathogens and after mosquitoes,
ticks are the second most common arthropod pathogen vector (De la Fuente et al., 2008).
Ticks are obligate hematophagous Acari that parasitize vertebrate animals and occasionally
bite humans (Parola, 2004). They play a role as vectors and/or reservoirs for a variety of
pathogenic microorganisms (e.g., bacteria, protozoa, viruses, and helminths) (Tahir et al.,
2020). Ticks become infected with these microorganisms by feeding on infective hosts
(human or animal) and, after a cycle of biological development, later inject the
microorganisms into the new host during their subsequent blood meal (Jongejan and
Uilenberg, 1994; Mulenga, 2014). Ticks and tick-borne diseases (TBDs) threaten livestock
health, welfare and productivity in the whole of sub-Saharan Africa (Larusso et al., 2016).
Ticks can easy multiply due to the climatic conditions of this region, and in general it is
difficult to control, causing high infestation of pastures, reduced milk production, poor feed
conversion, and consequently poor weight gain, and elevated cost in diseases treatment

(Pazinato et al., 2014).

They also play a primary role as vectors of pathogens for animals, resulting in a multitude of
infectious diseases worldwide (Brites-Neto, 2015). Ticks primarily feeding on companion
animals may feed on humans in the absence of preferred hosts, resulting in the incidental
transmission of tick-borne pathogens to humans (Jongejan and Uilenberg, 2004). Ticks are of
great medical and veterinary significance due to their ability to transmit several pathogenic
microorganisms to human and animal hosts (Barker, 1998; Dantas-Torres, 2010). These tick-
borne pathogens are transmitted to other ticks and hosts associated with ticks by transovarial
and transstadial transmission (Dantas-Torres, 2008; Rynkiewicz, 2015). Several tick-borne
pathogens from ticks infesting dogs that are well-documented include Anaplasma

phagocytophilum which is associated with human and canine granulocytic anaplasmosis,



Babesia spp. causing canine babesiosis, Coxiella spp. causing Q-fever in humans, Ehrlichia
canis associated with canine ehrlichiosis, as well as Rickettsia spp. causing African tick bite

fever, Mediterranean spotted fever, and Astrakhan fever (Mtshali et al, 2015).

Of the 18 TBPs reported from domestic animals and/or ticks, about 50% were zoonotic
pathogens (Jimale, Wall and Otranto, 2023). Crimean Congo hemorrhagic fever (CCHF)
virus can be transmitted to humans mainly via the bite of infected ticks or direct contact with
the blood/tissue/ fluids of the infected animal (Emadi Kochak et al, 2003). CCHF infections
in humans usually give rise to severe, acute hemorrhagic fever with a mortality rate of 10-
50% (Mokhtari and Faraji, 2017). Hard ticks play a key role in the circulation of the virus in
nature, serving as both the reservoir and carrier of the CCHF virus (Mehravaran et al, 2013).
Tick-borne encephalitis virus (TBEV), belonging to the Flavivirus genus of the Flaviviridae
family, causes mild or moderate febrile illness and fatal encephalitis with sequelae in humans
(Yoshii, 2019). Changes in climate, habitat, and hosts have been found to be major drivers of

ticks and TBDs expansion and invasion (Ogden and Lindsay, 2016).

The species which transmits Borrelia recurrensis which cause relapsing fever in Homo
sapiens, the Ornithodoros, and various Argas species, especially those in chicken and other
birds attack human when their natural host is unavailable (Adelson et al., 2004). Ticks [i.e.
Rhipicephalus decoloratus; Rhipicephalus annulatus; Rhipicephalus guilhoni; Rhipicephalus
geigyi; Hyalomma truncatum; Amblyomma variegatum; Rhipicephalus simus Group;
Rhipicephalus turanicus; Rhipicephalus sanguineus (sensu lato); Hyalomma rufipes and
Rhipicephalus lunulatus] include the vectors of pathogens of veterinary and zoonotic
importance (i.e. Anaplasma spp., Ehrlichia spp., Rickettsia spp., Babesia spp. and Theileria
spp.) (Larusso et al.,, 2016). According to Chang et al., (2001), during a study several
pathogenic Bartonella, which includes B. henselae, B. quintana, B. washoensis, B. vinsonii

and B. bovis in about 19.2 % of questing adult 1. pacificus ticks that were collected: in a



different study, Bartonella spp. were found in both nymph and adult I. pacificus ticks, in
addition to D. variabilis and D. occidentalis ticks. Almost around this same time, Bartonella
spp. from 1. scapularis deer ticks that were collected from the household of two patients that
were both simultaneously infected with B. henselae and Borrelia burgdoferi detected from
their spinal fluid (Eskow et al., 2001), and from 34.5 % of field collected I. scapularis in the
United State of America, New Jersey (Adelson et al., 2004). Bartonella spp. DNA has since
been detected in ticks all over the world, which includes Carios kelleyi, I. persulcatus,
Dermacentor reticulates, Hyalomma longicornis, Rhipicephalus microplus, Haemaphysalis
laechi, H. rufipes, and H. longicornis (Loftis et al., 2005). Rhipicephalus sanguineus are also

anthropophilic and vectors of pathogens to humans (Parola et al., 2008).

Many exposures to zoonotic diseases occur in the home through direct or indirect contact
with pets, agricultural animals, or livestock (Aenishaenslin et al., 2013). Zoonoses require
close contact with domestic animals or their excretions and frequently involves a violation of
good hygiene practices (Rabinowitz, Gordon, Odofin, 2007). Some of these pathogens are
zoonotic and of public health concern (De la Fuente et al., 2008). Often, clinical illness
affects both the person and the animal, but sometimes the animal may appear healthy only to
have a subclinical infection or colonization that can lead to illness in a person (Day, 2016).
Ticks transmit more pathogen species than any other group of blood-feeding arthropods
worldwide (Keirans and Durden, 1998). In sub-Saharan Africa, population growth and
grazing pressure, exacerbated by socioeconomic pressures and human-induced environmental
changes, are resulting in increasing exposure of domestic animals and humans to ticks and
TBPs (Heylen et al., 2021). The effect of ticks and tick-borne pathogens (TBPs) on the
economies and livelihoods of people dependent on livestock is particularly pronounced in

Africa (Sahil et al., 2004).



Patients that are infected with ticks usually show skin reactions to the part of the site of the
skin bitten, which may include inflammatory infiltration of the tissues, hemorrhage, local
hyperemia and oedema (Zeibig, 2013). Sometimes there is serious tissue reactions as well as
secondary infections may also occur when the mouth parts of the tick get stuck in the skin of
the host after a trying to remove the whole tick and when certain tick species like
Dermacentor are introduced into the host, tick paralysis may occur. In a situation where the
tick is not removed, a toxemia may occur which may lead to death (Zeibig, 2013).
Babesiosis, a disease caused by tick-borne intra-erythrocytic protozoan parasites that live
within the red blood cells is a well-known disease which infects some small and large
terrestrial mammals including cattle and sheep (Criado Fornelio et al., 2003; Hunfeld et al.,
2008).

The adult tick has eight legs (four pairs), has two pairs of mouthparts but no antenna is
present, just like all arthropods. They belong to the order Ixodida comprising of the family
Ixodidae which are hard bodied, and family Argasidae which have soft bodies. Both are
somehow having oval shape. The head of a tick, the thorax and abdominal regions are fused
together appear as a single structure (Zeibig, 2013). They are dioecious (the sexes are in
separate individuals). Two major morphological differences exist between soft and hard ticks.
Both of the types possess a capitulum at the anterior region of the body (Zeibig, 2013). This
structure can be seen on the dorsal region of hard ticks, but cannot be seen on the dorsal
region of soft ticks because it is positioned ventrally (Zeibig, 2013). On hard ticks, a structure
called scutum is located posterior to the capitulum. Soft ticks lack scutum and possess a

leathery outer surface instead. A typical tick ranges from 6-8 mm long in size (Zeibig, 2013).

Ticks undergo complete metamorphosis, their life cycle has four (4) morphological stages:

eggs, larvae, nymph and adult or imago of separate sexes (Fig. 1). Its life cycle usually ranges
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from 1-2 years, depending on the season the hatching occurred (Zeibig, 2013). They can
transfer many microorganisms to their offspring, ensuring that the infection is sustained.
Larvae which are motile emerge from the eggs, then move to areas like the lamina of grass as
well as twigs. The larvae eagerly jump from the resting place onto the first viable host that
passes by. Once it attaches itself to the host it finds, its larvae feed on blood meal for some
few days and then fall off the host and back to the ground where it molts into nymph. The
nymph for the second time will migrate to possible areas where it can possibly locate a host
to wait for another host. After it succeeds in attaching itself to a second host the process the
larval stage went through with the first host is repeated. After falling back on the ground for
the second time, the nymphs then molt and metamorphose into adult (Zeibig, 2013). Ticks of
the family Ixodidae were often found attached to the tail; eggs, larvae, nymphs and adults of
Listrophoridae and Glycyphagidae were attached to hairs (Estébanes-Gonzélez and

Cervantes, 2005).
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3.2: Tick life cycle

Figure 1: Life cycle of a tick (Downloaded from

https://www.esccap.org/uploads/docs/b3rbhl5x 3.2 Tick life_cycle WM.pdf)

2.1.1.1 Distribution of ticks

Ticks can be found throughout the world; hard ticks are responsible for transmission of
bacterial, viral, and rickettsial diseases. Hard ticks like Ixodes spp. (deer ticks) have a broad

geographical range covering most of North America (Zeibig, 2013).

The ticks that belong to genus Amblyomma, are usually parasites of both large and small
mammals which can be found in tropical as well as sub-tropical area of sub-Saharan Africa
and America. Those that belong to parasitize cattle are Boophilus and can be found in tropical

to the temperate regions of the world (Arzte-Verlag, 2013). Ticks that belong to the genus

12


https://www/

Dermacentor mainly parasitize large and small mammals throughout the tropical regions of
Canada to Latin America. Those that belong to the genus Haemaphysalis mainly parasitise
birds and small mammals that are found all over the world (Acha, 2003). Those that belong to
the genus Hyalomma are mainly parasites of domestic animals that can be found in the Old
World below the forty-fifth parallel North, but Ixodes are parasites of large and small

mammals as well as birds that can be found throughout the world (Acha, 2003).

Human are usually infested by twelve species that belong to the family Argasidae
(comprising of Ornithoodoros and Argas), and twenty-two species of the family Ixodidae
(seven of genus Dermacentor, four of genus Amblyomma, three of genus Haemaphysalis, six
of Ixodes and two of Hyalomma (Estrada-Pena and Jongejan, 1999). Amblyomma,
Dermacentor variabilis, Ixodes scapularis, Dermacentor andersoni, Ixodes pacificus, and
Ornithodoros were the species of ticks that could be found all over the United States of

America (Merten and Durden, 2000).

2.1.1.2 Control of ticks

The widely recommended remedy for tick infestation is the removal of the tick, which is
usually enhanced by placing a few drops of chloroform or ether on the tick’s head and then
pulling it out of the skin of the host, by using forceps to hold firmly the anterior region of the
tick (Arzte-Verlag, 2013). It is advisable to remove the whole tick because secondary
infection and severe tissue reactions may occur due to mouth parts that get stuck in the skin
of the host (Arzte-Verlag, 2013). Effective and environmentally friendly control methods,
such as vaccines among other interventions, are required to control tick infestations and tick-
borne diseases (De la Fuente et al., 2017; De la Fuente, 2018; Molaei et al., 2019, Wikel,

2018).
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It is difficult to eradicate ticks but several measures can be employed to reduce the possibility
of being infected. It is advisable to avoid entering areas that are infested with ticks. In the
case where one must be in such places, it is very necessary to use tick repellants and
protective clothing. In order to help protect individuals from deadly rickettsial infections that
are transmitted by ticks, a prophylactic vaccination has been developed. It is also advisable to
remove ticks carefully as early as possible in order to break the disease transfer, since it may
take hours to days for the transfer of infections during a tick bite (Arzte-Verlag, 2013). In a
study conducted by Pazinato et al in 2014, it was discovered that chemicals that are produced
by combining two or three active ingredients like chlorpyrifos, cypermethrin, piperonyl,
citronella; but those made from just one active ingredient like amitraz as well as diazinon
showed lower efficacy against ticks. Commercial drugs that has a single active ingredient
even though may be cheap to the farmers, promotes a faster tick resistance (Pazinato et al.,
2014). Antibiotic use in animals is the primary cause of selection and spread of antimicrobial
resistance in animals (Sundsfjord and Sunde, 2008). During the blood feeding process, ticks
confront diverse host immune responses and have evolved a complex and sophisticated
pharmacological armament in order to successfully feed (Liu and Bonnet, 2014). This
includes anti-clotting, anti-platelet aggregation, vasodilator, antiinflammatory, and

immunomodulatory systems (Francischetti, 2009).

2.1.2 Mite infestation

Mites although visible to the naked eye, are very small. Whichever species you find, they are
oval in shape and their sizes ranges between 0.1-0.4 mm. In a specimen, microscopic
examination is needed for confirmation (Zeibig, 2013). The majority of Cheletosomatini spp

are obligate predators residing in wing quills; however, mites from the genus Picocheyletus
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or Metacheyletia are likely parasites rather than predators in quills (Bochkov and Skoracki,

2011; Skoracki, 2016).

The adult mite infests the human or any other host burrow directly into the skin, the
sebaceous glands or the follicles of the hair, and hence lives there. During this period, they
lay eggs in the burrow which hatches and later matures from the larval into adult (Figure 2).
The newly developed mites can now begin to continue the spread of the infestation. It takes
approximately a fortnight (two weeks) for a mite to develop from the egg to adult stage.
Mites can spread very fast especially in overcrowded conditions like refugee camps, schools,
markets, hospitals, children homes, etc. but the transfer of mites from one person to another
usually requires the two people to be in a prolonged close contact with each like in the case of
a couple, sexual partners or those living in a household. Parasitic mites of humans include
chiggers (i.e. Trombicula autumnalis), human scabies (Sarcoptes scabiei) and Demodex mites
(Litwin et al., 2017). A total of 140 species or subspecies have been identified worldwide in
11 orders of mammals including humans (Zhao et al., 2012). Human Demodex have been
found in nearly all age and racial groups (Chen and Plewig, 2014); and every human being
carries a colony of 1000 to 2000 Demodex mites (Gutierrez, 2000). Species of the family
Laelapidae were usually present in the dorsal region distributed among hairs, but species of
Trombiculidae were attached to the skin in different regions of the body (Estébanes-Gonzalez
and Cervantes, 2005). Mites of family Myobiidae were found in the dorsal region of the host
attached to the skin (Estébanes-Gonzalez and Cervantes, 2005). Ptyctimous mites (Acari:
Oribatida) are doubtlessly one of the best-known taxonomic groups of oribatid mites
worldwide (Niedbata et al., 2023). There are two species of mites that parasitize humans: D.
folliculorum, and D. brevis (Litwin et al., 2017). Quill mites of the subfamily Picobiinae
(Acariformes: Prostigmata: Syringophilidae) are permanent and host-specific ectoparasites of

birds (Sikora et al., 2023). Neotrichy is well known among phthiracaroid mites, where extra
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setac appear usually on the notogaster and anoadanal plates (Niedbata et al., 2023). Parasitic
mites are able to make optimal use of the host by colonising all available microhabitats; most
live as ectoparasites, residing in the fur and on the skin, but others colonise the skin as
mesoparasites and others the respiratory tract or digestive system as endoparasites (Kozina,
Izdebska, and Rolbiecki, 2023). Breeding conditions favour infestations with atypical
parasites that are passed from other mammals (neighbouring hosts) under favourable

circumstances (lzdebska, 2001)
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Fig:re 18.17 The life cycle of a trombiculid mite such as that of the Leptotrombidium vectors of scrub
typhus.

Figure 2: Life cycle of mite (Downloaded from

https://slideplayer.com/slide/3908792/13/images/28/Life+Cycle.jpq)

2.1.2.1 Distribution of mites

Mites are highly adaptable in the environment, with a worldwide distribution, and have

separate forms through which they affect humans (Zeibig, 2013). Trombicula akamushi,
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which is usually found in Asia, is the mite which carries scrub typhus, and Liponyssus bacoti
may be a carrier of endemic typhus, rickettsial pox, and Q fever, and also, free living mites
like house mites, species of Dermotophagoides, may be the cause of respiratory problems
which is allergies in some individuals throughout the world (Zeibig, 2013). Some species of
gamasid mites have been suspected to be the potential vectors or reservoir hosts of epidemic
hemorrhagic fever and some other zoonoses, as well as the acariasis, which is caused by the
direct parasitism of some gamasid mites within the human body and skin anaphylaxis by the
mites’ biting (Adler and Wills, 2003; Lance et al., 2004). Among wild animals,11 species of
mites from the Ixodidae (Parasitiformes: Ixodida), Psoroptidae, Sarcoptidae (Acariformes:
Astigmata), and Demodecidae (Acariformes: Prostigmata) have been found. (Kozina,
Izdebska, Rolbiecki, 2023). In most wild animals, the mites do not cause any pathology;
however, in domestic animals, particularly in dogs and cats, Demodetic mange can be deadly

despite the fact that the mites are also present in most healthy dogs (Ravera et al. 2013).

Over a hundred different species of follicular mites have been morphologically described
from a wide variety of animals, ranging from marsupials to placentals such as armadillos,
bats, pigs, dogs, rodents, and primates (Smith et al., 2022). Their prevalence in humans is
likely above 90%, where greater numbers and, thus, easier detection of mites are associated
with an older host age and larger host pores; however, the density of mites in humans peaks
with sebum production between 20 and 30 years of age (Foley et al.,2021). Existing data on
the parasitic mites of mouflon in its various regions of distribution has been limited to a few

mentions of the occurrence of ticks (Alonso, 2004).

2.1.2.2 Control of mites
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Mites are all round, and therefore very difficult to avoid contact with, unless someone
infested is known, hence prevention should primarily base on avoiding the spread to places
that were initially affected and unaffected individuals, including making sure that all
beddings, dresses and other belongings are washed in hot water and dried in a hot
tempereatures (Zeibig, 2013). In the case where it is not possible to wash clothes within a
short time, they should be placed in a plastic bag in order to stop the mites from spreading
and finding another meal source since these mites will die within a few weeks without
feeding (Zeibig, 2013). Keeping a good personal hygiene can also be employed to prevent

mite infestation.

Several creams as well as lotions are prescribed for the treatment for mite infestation.
Beddings, clothing, towels etc. must be cleaned and regularly disinfected and also washed in

hot water. Using a hot cloth dryer to dry items is another way of treating mite infestation.

2.1.3 Flea infestation

Fleas are parasites of that infest vertebrates and can be found in various species forms on
small terrestrial mammals. They can be found either in the immediate habitat of the host, or
on the body of their host or both. The larvae can be independent feed on their own without
being are parasitic. Species of fleas may be host specific or host-opportunistic (Marshall,
1981). Fleas are parasites of higher vertebrates and are most abundant and diverse on small
mammals and usually alternate between periods when they occur on the host body and
periods when they occur in their hosts’ burrows or nests. (Krasnov et al., 2004). Fleas
(Insecta: Siphonaptera) are obligate blood-feeding ectoparasites as adults and serve as vectors
of several bacterial zoonotic pathogens, the most devastating being Yersinia pestis, the

causative agent of plague (Eisen and Gage, 2012). The characteristics like small body size
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that enables a flea to be densely populated on a host are the same characteristics that allow
them to look for new host species to infest (Boris et al., 2004). Flea-borne trypanosomes of
possible public health significance parasitized peridomestic rodents in several villages where
the presumed flea vector was also found (Schwan et al, 2016). It thus appears advantageous
for a flea species to exploit taxonomically close host species (Krasnov et al., 2004).
behavioural defence against fleas is well developed among mammalian species, (Mooring et
al., 2004). The Oriental rat flea, Xenpsylla cheopis, one of the most important urban vectors
of the plague bacterium, Y. pestis, and the agent of murine typhus, Rickettsia typhi is
widespread in southern Mali (Schwan et al., 2016).

Nosopsyllus fasciatus is commonly known as northern rat flea normally resides in the skin
and fur of mouse, rat and human host (Boris et al., 2004). It can be found throughout the
world and its main host is rodents. They are not shot-specific and therefore may attack any
available bird or mammal in order to get its blood meal (Boris et al., 2004). They can survive
without the host and therefore can be transmitted from housing and bedding. They are very
mobile when on the host and hence can be found on the nesting material of host. Diagnosis is
difficult since the adult can leave the host and larvae or eggs are difficult to find (Boris et al.,
2004). Plague is a zoonotic bacterial infectious disease transmitted by fleas with reservoirs in
rodent populations, in which fleas play a potentially fundamental role as bridge vectors to
transmit the bacteria (Yersinia pestis) to animals and humans (Gallizzi et al., 2008). Fleas

undergo complete metamorphosis involving four stages: eggs, larva, pupa and imago (Fig. 3).
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Figure 3: Life cycle of flea (Downloaded from

https://www.cdc.gov/fleas/life cycle and hosts.html)

2.1.3.1 Distribution of fleas

Fleas (Siphonaptera) are characteristic mammalian ectoparasites most abundant and diverse
on small and medium-sized species with all stages of the life cycle spent off the host, except
for the adults that feed intermittently on the host (Krasnov et al., 2005). The potential role of
fleas as carriers and host-supported local reservoirs can help explain the persistent occurrence
of plague (Gage, 2012). Transmission to humans sometimes occurs through contact with fleas
that have fed on an infected small mammal or by skinning infected small mammals (Liang &
Wang, 2011; Bai, Wang, and Si, 2014). There is an increasing awareness that these rodent-
borne parasites have the potential to cause disease in people (Lun et al., 2009; Truc et al.,

2013). Many flea species that were taken from rodents have been tested for the presence of

20


https://www.cdc.gov/fleas/life_cycle_and_hosts.html

DNA of Bartonella. Species of Bartonella, including B. elizabethae, one that looks like B.
vinsonii, B. uintana, B. henselae, B. clarridgeiae, one that looks like B. schoenbuchensis, B.
taylorii, B. tribocorum, B. queenslandensis, and B. rochalimae, have been found in several
gunus of fleas in several countries, including Xenopsylla, Nosopsyllus, Sternopsylla, and
Leptopsylla (Winoto et al., 2005; Loftis et al., 2005; Li et al., 2007; Reeves et al., 2007; Tsai

et al., 2010; Morick et al., 2010).

2.1.3.2 Control of fleas

In order to achieve optimum results, adult fleas should be killed to avoid re-infestation and in
domestic animals, frequent vacuuming can be used to reduce infestation in the environment

(Taylor, Coop and Wall, 2006).

2.1.4 Lice infestation

Lice are permanent obligate ectoparasites and highly host-specific; some of the parasites
prefer specific body parts or positions on the host (Taylor, Coop and Wall, 2006). They are of
veterinary interest a result of the damage they cause directly to their host, rather than being
vectors. Some species of lice may serve as intermediate host to Dipylidium caninum-a
tapeworm (Taylor, Coop and Wall, 2006). Heavy lice infestation is termed as pediculosis

(Taylor, Coop and Wall, 2006).

2.1.4.1 Distribution of lice

Polyplax spinulosa is an ectoparasites that lives in the fur of rat and mouse and can be found
worldwide. They are slender with its length ranging from 0.6mm-1.5mm with yellow-brown
colouration, and the head bears a pair of prominent antennae which is segmented into five but

has no eyes and no ocular points. They are rarely seen in laboratory rodents but common in
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wild mice and rats and their infestation lead to restlessness, constant scratching especially
behind the ears, and irritation. Both chewing and sucking lice have very similar lifecycle and
the female lays about twenty to two hundred eggs within one moth life span. The eggs have
white colouration and glued to the further or hair and are visible to the naked eye; the nymph
that hatches is similar to the adult but smaller.

Adult lice lay eggs (nits) on or very near the host. Eggs of head lice may be found on in the
hair shaft of the neck and head, but eggs of body louse found in chest hairs. Body and hair
lice are ectoparasites with no wings and have three body segmentations comprising of head,
thorax and abdomen. They have three pairs of legs having a clawlike feet extending from the
thorax, which enables a louse to hold firmly on hair to avoid dislodging. It has a pair of

antennae on its narrow head (Zeibig, 2013).

2.2 Endoparasites of small mammals

Endoparasites are parasites that live in the internal organs or tissues of its host. Parasites of
the gastrointestinal tract including the following classe: Nematoda, Trematoda, and Cestodea)
and protozoans (coccidians, flagellates) infect livetsock. Some of the fore mentioned
organisms are of public health concerns because they can cause health challenges to animals
and also cause diseases and can therefore reduce market value of animals and reduce income
of farmers (Craig, 2018; Stromberg, 2006). Hence in rearing farm animals, it is important to

incorporate accurate testing into management practices (Verocai et al., 2020.

2.2.1 Helminths

Parasitic helminths are estimated to range between 75,000 and 300,000 species and can affect

humans, animals as well as plants (Taylor, Coop and Wall, 2006). Helminths of public health
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importance are found in these higher taxa: Major: Nematoda (roundworms), Platyhelminthes
(flatworms) which includes Trematodes (Flukes) and Cestodes (Tapeworms), and Minor:
Acanthocephala (thorny-headed worms) (Taylor, Coop and Wall, 2006). Among parasitic
animals, at least four species of flukes, a few species of cestodes, and approximately 20
species of nematodes, including roundworms, hookworms, threadworms, and lungworms,
have evolved to undergo vertical transmission through breast milk in their vertebrate hosts

(Chermette 2004; Foster et al. 2009; Boehm et al., 2015; Bezerra-Santos et al., 2020).

2.2.2 Protozoans

Protozoa are unicellular, eukaryotic (nucleus enclosed in a membrane), either free-living or
parasitic organisms that exist independently with diverse forms of locomotion: by
flagellum/flagella in Trypanosoma, by means of cilia in Balantidium, by pseudopodia in
Entamoeba, and in the extracellular stages of Eimeria, there is no obvious means of
locomotion but are capable of gliding: movements (Arzte-Verlag, 2013). Their sizes
(approximately 1 to 300 um) and shapes vary according to the various phyla and classes
(Arzte-Verlag, 2013). Life cycles are either direct, often including infective stages that are
resistant to environmental influences (e.g., oocysts), or are indirect, including specific
intermediate hosts, which may transmit the agent actively or passively after being, for
example, ingested by the final host (Arzte-Verlag, 2013). Lack of good sanitation as well as
overcrowded areas enhances the spread of the disease coccidiosis. The oocysts are ovoid,
yellowish or sometimes colourless, smooth, measures about 16 — 26 pm by 13 — 21 um with
elongated sporocytes that are ovoid in shape with a small Stieda body as well as residuum. At
each end of the sporozoites are central nucleus having an eosinophilic globule. Some
protozoans are Trypanosoma cruzi, Balantidium coli; Giardia lamblia, Entamoeba histolytica

(Garcia, 2007)
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2.3 Diagnosis of Ectoparasites

Arthropods act as important vectors in disease transmission of many parasitic diseases which
are of human concern. Arthropods are invertebrates, consisting of a segmented body, several
pairs of jointed legs, rigid exoskeleton, internal organs and body divided into head, thorax,

and abdomen.

2.4 Diagnosis of Endoparasites
In the diagnosis of infections caused by parasites, laboratory diagnosis plays a critical a very
important role. According to Sastry and Bhat, 2014, some of the techniques used to diagnose
infections caused by parasites

e Morphological identification techniques involving either microscopy or macroscopy

e Molecular methods

e Culture methods

e Immunological methods

e Intradermal skin tests

e Xenodiagnostic techniques

e Animal inoculation methods

e Imaging methods.

2.4.1 Morphological identification techniques

In this technique, parasites by morphology either by microscopy or macroscopy. According
to Sastry and Bhat (2014), stool sample can be seen directly by wet mount (either iodine or
saline) or any other staining technique. Stool specimens should be collected in a clean,

watertight container with a tight-fitting lid (Zeibig, 2013). It is advisable to do the collection
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before treatment or any antiparasitic drugs are administered, and also close to when
symptoms are imminent (Sastry and Bhat, 2014). The typical stool collection protocol
consists of three specimens, one specimen collected every other day or a total of three
collected in 10 days.) (Zeibig, 2013). It is recommended to examine semisolid stools within
an hour, fifteen to thirty minutes when it is liquid stool, and when the stool is formed,
examination should be done up to twenty-four hours after collection because trophozoites
may appear as artifacts, degenerate or become non motile when stored for too long (Sastry
and Bhat, 2014). To maintain the morphology of the parasitic eggs and cysts, ten percent

polyvinyl alcohol or formalin can be used (Zeibig, 2013).

Perianal swabs, including NIH swab or cellophane tape, are good for the detection of Taenia
species and Schistosoma mansoni eggs, and Enterobius vermicularis eggs that re deposited
on the surface of the perianal skin (Sastry and Bhat, 2014). It is also very useful in detecting
small intestinal parasite such as Giardia intestinalis as well as larvae of Strongyloides

stercoralis (Sastry and Bhat, 2014).

2.4.1.1 Macroscopic examination

Mucoid bloody stool is found in invasive balantidiasis, intestinal schistosomiasis as well as
acute amoebic dysentery (Sastry and Bhat, 2014). Dark stools may indicate bleeding high in
the gastrointestinal tract, and fresh (bright red) blood most often is the result of bleeding at a
lower level and in certain parasitic infections, blood and mucus may be present (Garcia,
2007). Helminth eggs may be found in any type of specimen, although the chances of finding
eggs in a liquid stool are reduced by the dilution factor. Tapeworm proglottids may be found
on or beneath the stool on the bottom of the collection container. Adult pinworms and Ascaris

lumbricoides are occasionally found on the surface or in the stool (Garcia, 2007).
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2.4.1.2 Microscopic examination

The most common procedure performed in the area of parasitology is the examination of a
stool specimen for ova and parasites (Zeibig, 2013). Some drops of Lugol’s iodine and saline
are placed on the two ends of a slide, and then mixed with a small amount of faeces or stool
using a stick in order to form a uniform smooth suspension (Sastry and Bhat, 2014). The
mount is covered with a cover slip and examine under the low power objective (10X) which
is succeeded by 40X high power objective. Cellular constituents such as erythrocytes (in the
case dysentery), pus cells in the case of inflammatory diarrhoea may be seen (Sastry and
Bhat, 2014). Another group of normal element that can be found are animal hair, bacteria, fat
globules, pollen grains, muscle fibers, epithelial cells, air bubbles and starch grains which
turns blue-black on reacting with iodine (Sastry and Bhat, 2014). Diamond shaped Charcot
Leyden crystals which are products from the breakdown of eosinophils may be seen in
sputum or stool of patients suffering from parasitic diseases like ascariasis, amoebic
dysentery as well as some allergic diseases such as bronchial asthma (Sastry and Bhat, 2014).
Larvae of helminthes as well as protozoan cysts and trophozoites can be seen (Sastry and

Bhat, 2014).

According to Garcia, 2007, the types of iodine stains are;

e D’Antoni’s iodine: one gram of Potassium iodide mixed with 1.5g of iodine
crystals mixed with 100mL of distilled water

e Dobeil’s iodine: two grams of potassium iodide and one gram of iodine mixed
with fifty mL of distilled water

e Lugol’s iodine: five grams of iodine crystals and ten grams of potassium

iodide mixed with 100mL of distilled water
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According to Garcia, permanent stained smears are required for diagnosing intestinal

parasites accurately, by staining the internal structures of trophozoites and cysts, and the

types include;

Modified acid-fast stain

According to Sastry and Bhat, this is use for identifying and detecting Isospora belli,
Cryptosporidium and Cyclospora. Oocysts are stained red with carbol fuchsin while
the background of the non-acid-fast background stains blue.

Kinyon’s cold method: This is where the faecal smear is fixed with methanol for
about a minute, stained with Kinyon’s carbol fuchsin for five minutes, and then rinsed
with fifty percent ethanol and then followed by tap water. It is then stained with one
percent sulfuric acid for two minutes to be decolorized. Washed with tap water and
then alkaline methylene is used to counter stain for a minute.

Hot method is where a thin smear of faecal matter is fixed with heat and then flooded
with carbol fuchsin for a period of nine minutes. The slide is heated intermittently till
the carbol fuchsin starts to steam. The slide is washed with tap water and then washed
with five percent aqueous sulfuric acid to decolorize it, then washed with tap water
and then counter stained for a minute with methylene blue.

Trichrome stain

According to Sastry and Bhat, just like in the case of the iron-heamatoxylin staining method,

the faecal smear is prepared, fixed and the treated with alcohol containing iodine. Trichrome

solution is used to stain the slide for ten minutes and differentiated in acid alcohol (which is

1-part glacial acetic acid in ninety-nine parts of alcohol) for two to three minutes, followed by

rinsing in absolute alcohol for several times and then dehydrated in absolute alcohol for two

to five minutes. The stained smear is now placed in xylene for about two to five minutes and

then mounted in Canada balsam and then a covered with a coverslip.
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e lron-haematoxylin stain

A thin smear of faeces is fixed using Schaudinn’s solution for a period of fifteen minutes
followed by immersion in seventy percent alcohol containing iodine, then in fifty percent
alcohol for about two to five minutes each and then washed with tap water. The slide is then
immersed in two percent aqueous ferric ammonium sulphate solution for about five to fifteen
minutes and then washed in tap water for five minutes (Sastry and Bhat, 2014). This is
followed by staining 0.5 percent aqueous haematoxylin from five to ten minutes followed by
immersion in aqueous picric acid solution for ten to fifteen minutes and dehydrated by
immersion for five minutes each in fifty percent, seventy percent, eighty percent and then
ninety-five percent alcohol (Garcia, 2007). The stained smear is finally placed in xylene for
two to five minutes and then mounted in Canada balsam and then covered with coverslip

(Sastry and Bhat, 2014).

Concentration technique is very useful when the parasite output in faeces (larvae, eggs,
cysts and trophozoites) is low and the use of direct faecal examination may not be able to
detect the parasites, hence the need for concentrating the stool specimen (Sastry and Bhat,
2014). It is also a very useful method in assessing the people’s response to treatment in
epidemiological studies (Sastry and Bhat, 2014). Trophozoites are destroyed but cysts, larvae
and eggs are recovered after the concentration is done. The commonly used concentration

techniques are:

e Sedimentation techniques

The cysts as well as eggs settle down at the bottom after centrifugation. The three forms
include Formal-ethyl acetate concentration technique, Formalin-acetone sedimentation

technique and the Formalin-ether concentration technique (Sastry and Bhat, 2014).

¢ Floatation techniques
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The cyst and eggs float on the surface due to difference in specific gravity (Sastry and Bhat,
2014). The Three main form include the Zinc sulphate floatation concentration technique,
Sheather’s sugar floatation technique (which is for Cyclospora, Isospora and
Cryptosporidium), and Saturated salt (sodium chloride-NaCl) solution while saturated salt
solution technique and formalin-ether are the two commonly used concentration techniques

(Garcia, 2007).

Sedimentation technique principle involves using cenfugation to concentrate the stool
specimen (Sastry and Bhat, 2014). The helminthic eggs and the cysts of protozoans are
concentrated at the bottom of the tube because their gravities are higher than the medium in

which they suspend (Garcia, 2007).

e Formol-ether sedimentation technique

Approximately four grams of faeces is transferred into a tube which contains ten mL of five
to ten percent formalin, it is mixed thoroughly and then allowed to stand for thirty minutes
(Sastry and Bhat, 2014). The mixture is then filtered into a fifteen mL conical centrifuge tube
covered with two layers of gauze (Garcia, 2007). About eight mL of the filtrate is collected
(about three to four mL formalin preserved). 0.85% saline (or five to ten percent formalin) is
added almost to the top of the tube with the filtrate and then centrifuged at 500 x g for ten

minutes (Garcia, 2007).

The supernatant is discarded and about 0.5-1 mL of sediment is suspended in the formalin or
saline filled to the top of the tube and centrifuged at 500 x g for another ten minutes (Sastry
and Bhat, 2014). The sediment is suspended again in five to ten percent formalin (filled half
of the tube) and centrifuged. About 4-5 mL of ethyl acetate (or ether) is then added and the
tube is then closed with a cork and then shaken vigorously in order to mix well. The cork is

then removed and the tube is centrifuged for ten minutes at 500 x g (Sastry and Bhat, 2014).
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Four layers are formed with the top consisting of ether, second is made of debris, the third is
clear layer of formalin and the last being sediment (Zeibig, 2013). The debris is removed
from the side of the tube using a glass rod and then the supernatant is discarded (Sastry and
Bhat, 2014). Using a pipette, remove the sediment and then make an iodine or saline mount

for examination under a microscope (Sastry and Bhat, 2014).

Floatation Techniques use the principle of suspending specimen in a medium which has a
higher density than that of the cyst of protozoa or helminthic eggs, hence the cyst and eggs
float on the top and are collected by placing a glass slide on the surface of the meniscus at the
top of the tube and then covered with a coverslip before examining it under the microscope

(Garcia, 2007).

Zinc sulphate floatation concentration technique Strain the specimen through a filter
containing a singlelayer thickness of gauze into a conical centrifuge tube. Fill the tube with
saline and centrifuge for 10 minutes at 500 x g (1500 rpm). Decant the supernatant. If the
supernate is cloudy, repeat this step for a second wash. Resuspend the sediment with 1-2 mL
of zinc sulfate solution. Fill the tube with additional zinc sulfate to within 2-3 mm of the rim.
(The zinc sulfate must have a specific gravity of 1.18-1.20.) Centrifuge for 2 minutes at 500 x
g (1500 rpm). Allow the centrifuge to come to a complete stop. While the tube is in the
centrifuge, remove one or two drops of the top film using a Pasteur pipette or a bent wire
loop and place on a slide. Add a cover slip and examine microscopically. lodine can also be

added (Zeibig, 2013).

Egg quantification (Egg counting) Methods

This is done to ascertain the intensity of intestinal helminthic infection (Sastry and Bhat,

2014).

e Direct smear counting method of beaver
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About two grams of faeces is mixed with a drop of saline on a slide to form a smear and then

examined under the low power of a microscope (Sastry and Bhat, 2014).

The number of eggs in the two gram of faeces is counted mad the multiplied by the factor
five hundred in order to calculate the number if eggs per gram of faeces, it is however more

simple and accurate when performed by an expert (Sastry and Bhat, 2014).

e Kato’s cellophane tape

The approximate number of eggs per gram of faeces during sedimentation technique or
concentrated stool specimen can be calculated by Kato’s cellophane tape covered thick smear

examination (Sastry and Bhat, 2014).

Dilution egg counting or Stoll’s method

Four grams of faeces and fifty-six mL of N/10 NaOH are thoroughly mixed in a calibrated

Stoll’s flask to form a uniform mixture (Sastry and Bhat, 2014).

Transfer 0.15mL of the mixture onto a slide kept over a mechanical stage and then
examination is done under the microscope (low power) (Sastry and Bhat, 2014). Calculate the
number of eggs per gram of faeces (N) by multiplying the count number (n) with hundred
(Sastry and Bhat, 2014). Calculate the estimated daily output of eggs by multiplying the
weight of twenty-four hour faecal sample by the number of eggs per gram (Sastry and Bhat,
2014). This method is primarily for formed eggs but the consistency of the stool can change
the estimated egg per gram value (Sastry and Bhat, 2014). Hence, if the faeces is liquid or
semi-solid, and not formed, then the egg per gram of faeces (N) is multiplied by the
correction factor: Mushy diarrhoeic = 3N, Mushy stool (soft or pulpy) =2N and Mushy

formed = 1.5N (Sastry and Bhat, 2014).
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2.5 Rodents

The successful nature of this group of herbivores can be attributed to their small size,
intelligence and rapid rate of reproduction (Johnson and Raven 2006). They belong to the
largest order of mammals which is Rodentia, and they have upper and lower jaws bearing a
single pair of incisors which continues to grow throughout their life time (Miller and Harley,
2001). They have chisel-like teeth for gnawing wood, grains and nut (Hopson and Wessells,
1993). Some typical examples are chipmunks, rats, squirrels, porcupines, lemmings, mice,

woodchucks.
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CHAPTER THREE

MATERIALS AND METHODS

3.1 Description of the study site

The Muni-Pomadze Ramsar site is situated to the west of the coastal town of Winneba, in the
Central Region of Ghana, approximately 56 km from Accra (Figure 4). It covers a total area
of 90 km? surrounding shallow coastal Muni Lagoon, which has an area of 3 km? and a
maximum depth of 1.5 m (Attuguayefio and Ryan, 1997). It has two protected areas, Yenku
A and Yenku B Forest Reserves occupying almost 10% of the site, while the traditional
hunting areas of the Efutu people cover nearly 10% of the site (Gordon et al., 2000). The
approximate boundaries of the Muni-Pomadze Ramsar site lie between latitude 05° 79’ -
5°27’N and longitude 0°37° -0° 41" ¥; and bounded by the stream which divide between the
Mankwaafa and Brounye rivers on one side and then the Boaku river on the other side;
bounded to the by the Guif of Guinea and extends approximately 15 km inland and to the
east, the stream divide between the Ayensu river and the Pratu stream (Gordon et al., 2000).

The vegetation is partly forest and coastal savanna interspersed with thickets; the Ramsar site
shares boundaries with human settlements, and thus, a level of interaction between humans and

the animals that live in the site ocecurs (Attuquayefio and Ryan, 1997).
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Figure 4: Location of Muni-Pomadze Ramsar site (Attuguayefio and Ryan, 1997)

The grassland in the University of Ghana is on the Legon main campus in the University of
Ghana main campus, Accra (Fig. 5). It is used by several departments in the University of

Ghana for research especially the Department of Plant and Environmental Biology. It has a
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large natural vegetation. It is a famous laboratory for the Department of Plant and
Environmental Biology and the Department of Animal Biology and Conservation Science,
both of the University of Ghana. It is a scenic and excellent place where one can enjoy and
traditional events such birds and butterflies watching. The farm also houses squirrels and

lizards.
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Figure 5: Map of University of Ghana main campus showing the University of Ghana

Legon main campus

(Downloaded from https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.
researchgate.net%2Ffigure%2FDistribution-of-transects-in-the-built-up-area-and-botanical-

garden_fig2_261041768&psig=A0OvVaw2dnoAlcuGIVAJY wjBPf8j8&ust=16858036640880
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3.3 Study design

The study involved live-trapping of wild small terrestrial mammals along transects.
Ectoparasites were collected from trapped animals and faecal samples collected for intestinal
parasites identification. Blood samples from the tails were collected onto filter-paper (for
haemoparasite identification) before they were released. The clipped tails also served as

markers on the small mammals in case they are recaptured in the course of trapping.

3.4 Sampling method

The terrestrial small mammals were trapped using Sherman collapsible traps baited with fresh
corn dough mixed with fresh groundnut paste, that were set along transects with inter-trap
distance of 10m. Traps were set for six consecutive trap nights in November 2020. Captured
animals were sexed (using the anal-genital distance, which is longer in males) and examined
for reproductive condition (abdominal or scrotal testes in males and enlarged nipples,
perofrate vaginas and pregnancy in females. The ectoparasites removed with the forceps into
labelled containers with 70% ethanol prior to sorting and identification in the laboratory. The
tip of the tail of a captured animal was clipped and blood drawn from it, and then released at
or near the point of capture. Tail clipping mad eit possible to easily identify recaptured

animals.
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3.4.1 Collection of faecal sample

Faeces found in the trap after capture were collected using forceps into test tubes and stored
in 70% ethanol prior to analysis in the laboratory. Where no faeces was found in the trap,
some few minutes were allowed for the animal to defecate. Each faecal sample was serially
labelled, the number and sex of the animal captured. The sample was stored in an ice chest
container to preserve the eggs and also prevent larvae from hatching out. The sample was

then transported to the laboratory for processing and analysis.

3.4.2 Processing of faecal sample by Modified Zinc Sulphate centrifugal floatation

technique using physiological saline

Faecal sample was strained to get ethanol out. About 0.5 g of faecal residue was weighed into
a petri dish. An amount of 14 ml of physiological saline was measured with a centrifuge tube
or falcon tube. Saline was mixed with faecal residue in a beaker and then transferred to a
centrifuge tube. It was then centrifuged for two minutes at 2000 rpm (rounds per minute).
The supernatant was poured away. Zince Sulphate (ZnSO.) solution was added to 14 ml mark
on centrifuge tube and then it was shaken to dissolve. It was centrifuged for 2 mins at 2000
rpm. A portion of the sample from the surface was pipetted and two drops was put on two
different slides (a drop for each slide) and a drop of iodine was added to each slide to stain.
The slide was covered with a slip and examined under a Leica microscope with microscope,

beginning at x 10 (Plate 1).
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Plate 1: Identification of endoparasites under the microscope

3.4.3 Processing of ectoparasites for identification

Faecal sample was strained to get ethanol out. About 0.5 g of faecal residue was weighed into
a petri dish. An amount of 14 ml of physiological saline was added to the sample and then

observed under the dissecting microscope (Plate 2).
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Plate 2: Identification of ectoparasites under the microscope

3.5 Identification of parasites

The keys provided in Veterinary Parasitology, pg 261=267 by Taylor M.A, Coop R.L, Wall
R.L (2006), together with the WHO’s online appendix was used to match the eggs to their

corresponding parasites.

3.6 Data analyses

The data collected on individual small mammals were entered into Microsoft Excel spread
sheet to create a database. The data analysis was done with JMP Pro 17; [C1=95%, p=0.05].
For each helminth species discovered, the prevalence, mean abundance, and mean intensity
were calculated. The prevalence was estimated by dividing the number of infected host by the

total number of host and multiplying the result by 100. The mean abundance was computed
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by dividing the total number of host by the total number of parasites, while the mean intensity
was computed by dividing the total number of parasites by the total number of infected hosts.
The differences of parasitological matrices between male and female mammals were tested

using chi square.
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CHAPTER FOUR

RESULTS

4.1 Small mammals that were captured

A total number of 108 small mammal individuals were captured for the and examined for
both ectoparasites and endoparasites (Plate 3). Twenty-nine Mastomys natalensis and five
Lemniscomys striatus were collected from Muni-Pomadze ramsar site, while 74 were
collected from the grassland in the University of Ghana, Legon main campus. 18 females, 11
are males of Mastomys natalensis, 4 males and a female Lemniscomys striatus were captured
from the Muni-Pomadze ramsar site, 38 females and 36 males of M. natalensis were

examined from the grassland in the University of Ghana, Legon main campus.

©®70) SPARK4

Plate 3: A picture of one of Mastomys natalensis from which samples were taken at

Muni-Pomadze Ramsar site.
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4.2 Prevalence, Mean abundance and mean intensity of intestinal parasites identified in

the small mammals

The prevalence of Ascaris (63.5%) was highest in the grasssland in the University of Ghana,
Legon main campus, but in Muni-Pomadze, Ascaris and Fasciola were both highest with
17.4% (Fig. 6 & 7). A total of nine species of intestinal parasites were ideintified including
one Cestode, Nematode, Trematode and one Protozoa. The Cestode is Hymenolepis sp, the
Nematodes are Ascaris, Enterobius sp., hookworm, Strongyloides and Trichuris, the
Trematodes are Dicrocoelium and Fasciola, and the Protozoa Balantidium (Plate 4). Out of
thirty-four small mammals captured in Muni-Pomadze ramsar site, eleven were infected with
at least one of the following intestinal parasites: Ascaris sp. (17.6%), Balantidium (2.9%),
Dicrocoelium sp. (2.9%), Enterobius sp. (2.9%), Fasciola sp. (2.9%), Hymenolepis sp.
(2.9%), Hookworm (5.9%), Strongyloides sp. (17.9%), Trichuris sp. (8.8%) (Fig. 6). Out of
seventy-four small mammals captured from the grassland in the University of Ghana main
campus, 45 were infected with at least one of the following intestinal parasites, Ascaris sp.
(63.5%), Strongyloides sp. (62.2%), Trichuris sp. (27%) (Fig. 7). The mean abundance and
mean intensity of parasite infection were calculated for Muni-Pomadze (Fig. 8) and the and
grassland in the University of Ghana, Legon main campus (Fig. 9). 64% of mammals in
Muni-Pomadze had single infection rate while only 3% had quadruple infection (Fig. 10).
82% of small mammals have single infection with 14% double (Fig. 11). The mean intensity
in male small mammals was higher in the grassland in UG than in Muni-Pomadze (Fig. 12).
Prevalence and mean abundance was generally higher in the cropland mosaic farm in UG
than in Muni-Pomadze (Fig. 13). Generally, mean abundance, mean intensity and prevalence
were higher in females than males (Fig. 14). The mean abundance, mean intensity and
prevalence of endoparasites that were only identified in Muni-Pomadze were also higher in

females than in males, except for Hookworm (Fig. 15). There was no significant difference of
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helminth infection between sex of mammals in Muni-Pomadze except for Trichuris [y
=5.0135 df=1, p=0.0251] where infection was significantly higher in females; Dicrocoelium
[~ =4.1628, df=1, p=0.0413]; and Hymenolepis [y~ =4.2236, df=1, p=0.0399] where
infection was significantly higher in males. In the grassland in the University of Ghana,

Strongyloides was significantly higher in females [y =16.1023, df=1, p<0.0001].

Nine intestinal parasites species were identified including one Cestode, Nematode,
Trematode and one Protozoa. The Cestode is Hymenolepis sp, the Nematodes are Ascaris,
Enterobius, Hookworm, Strongyloides and Trichuris, the Trematodes are Dicrocoelium and

Fasciola, and the Protozoa Balantidium. All the parasites identified are potentially zoonotic.
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Plate 4: Pictures of some of the ova of parasites from the processed faecal samples of the

small mammals

A= Dicrocoecium sp ; B= Enterobius; C= Fasciola; D= Trichuris sp; E= Strongyloides;

F= Balantidium; G= Hymenolepis; H= Ascaris; 1= Hookworm
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Figure 6: Prevalence of helminths identified in the faecal sample of small terrestrial

mammals in Muni-Pomadze
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Figure 7: Prevalence of helminths identified in the faecal sample of small terrestrial

mammals in grassland in The University of Ghana, Legon
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4.3 Ectoparasites identified in the small mammals

Out of the two hundred and seventy-two ectoparasites identified, two hundred and sixty-six
were nymphs and the rest were young adults of the species Haemaphylasis leachi (Fig. 11).

Adults were dark brown with four pairs of legs whiles nymphs were pale in colour (Plate 4).

Plate 5. Pictures of Haemaphysalis laechi: A: Ventral view of adult B: Dorsal view of

adult, C: Dorsal view of nymph, D: Ventral view of nymph
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CHAPTER FIVE

DISCUSSION

A total of nine species of intestinal parasites were identified including one Cestode,
Nematode, Trematode and one Protozoa. The Cestode is Hymenolepis sp, the Nematodes are
Ascaris sp., Enterobius sp., hookworm, Strongyloides and Trichuris, the Trematodes are
Dicrocoelium and Fasciola, and the Protozoa Balantidium. This finding generally supports
the intestinal parasites that are normally found in small mammals (\Waugh et al., 2006;
Coomansingh et al., 2009; Gudissa et al.; 2011; Adaeza et al.; 2017; Archer et al., 2017;

Panti-May et al., 2013.)

Attuquayefio and Ryan, (1997) captured five species of rodents: Lemniscomys barbarous,
Mastomys erythroleucus Tatera kempi, Uranomys ruddi, Lemniscomys striatus, but in this
study only two species of small mammals — zebra mice (Lemniscomys striatus) and
multimammate mice (Mastomys natalensis) were captured of which 85.3% were Mastomys
natalensis. The difference in these two results could be due to several reasons: reduction in
the biodiversity richness of Muni-Pomadze Ramsar site, difference in the season(s) during
which the capture was made, methods of capture, baits used and differences in the duration of
the two studies.

The medium through which parasites are transferred from wildlife to humans may occur
through diverse ways, including through an infested wildlife host like the pelage of mammals
(Wolfe and Wright, 2004). This study is similar to a study by Win et al., (2020) in the
Central part of Myanmar, where a low infection rate with cestodes and nematode infection
was recorded in small ruminants. The observed high Ascaris and Strongyloides prevalence
underscores the importance of these small mammal infections as a potential zoonotic

infection. Ideally, samples should have been collected from inhabitants that live close to the
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study site so as to ascertain if these parasites of small mammals could be found in humans.
However, this could not happen due to logistical constraints as well as the limited time and

also the scope of this study.

The prevalence of Ascaris and Strongyloides in could be due to the presence of conditions
that enhanced the growth of this helminth in the site. The low prevalence of 0.9% recorded
for Hymenolepis spp. in this study is in sharp contrast to a study by Adaeza et al.; (2017),
who recorded a high prevalence of 81.5% in Nsukka, a suburb of Nigeria, and Gudissa et al.;
(2011), in Addis Ababa, and Pulscher et al, (2018); who identified Dermacentor spp. as the
only tick species on small mammals they captured. This could be attributed to the small
sample size of thirty-four small mammals. The tick species that is most prevalent on most
small mammals is the Haemaphysalis sp (Cohan, 2019). The hundred percent prevalence of
Haemaphylasis leachi as ectoparasites on the small mammals could be due to the relatively
small size of the host and hence the corresponding size of the ectoparasites also had to be

small.

This study is in contrast to the report by Raharivololona and Ganzhorn in 2007, where all
small mammal species captured had high prevalence infection rates (> 73%) and were hosts
from three to more than twenty gastrointestinal parasite forms. Another study in Nigeria
demonstrates a high prevalence (83%) of blood parasites in small terrestrial mammals (Ajavi
et al., 2006). Akinboade et al, 1981); conducted a research in Edo state, and reported 17
helminth species in eight species of small mammals. Variations in parasite prevalence among
studies may be related to different sample size, geographical features, the season in which
sampling was done, and diagnosis methods used (Morand, 2015; Barelli et al., 2021). The
overall prevalence of helminths in commensal rodents is influenced by different

environmental conditions (Panti-May et al., 2013). Panti-may reported 77% of rodents
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captured in Mexico were infected with gastro-intestinal helminths which is higher than what

was observed in this study

The low prevalence of helminth in this study could be due at least two months interval
between specimen collection and laboratory analysis, and the use of only modified Zinc
Sulfate flotation technique. The roundworm Ascaris sp, probably Ascaris lumbricoides, is one
of the helminth eggs of public health importance that did not infect rodents, but were

mechanically transported by the rodents (Archer et al., 2017).

There was no significance difference between helminth infection and sex in Muni-Pomadze
Ransar Site since all p>0.05 except in Trichuris (p=0.0251), where it was more common in
female captured small mammals than males. There was no significance difference between
helminth infection sexing males and females in UG main campus except for

Strongyloides(p<0.001) where it was more common in female than males.

The infection rate in Muni-Pomadze was 32.4% which is similar to a study by Singla et al.
where the infection rate of rodents was 35.2%. In the present study, 64% of small mammals
from Muni-Pomadze had a single infection whiles 36% had multiple infection. In the UG
main campus, 82% had a s ingle infection while 18% had multiple infection. This is similar to
studies by Panti-May who reported 81.8% of rodents with single infection, and also Singla et

al. who reported a mixed infection of helminths including Cestodes and Nematodes

The differences in infection rates may be due to particular characteristics of habitat, the
helminth species present in the area, as well as the behaviour and relative abundance of the
hosts (Panti-May et al., 2013). The high mean abundance and mean intensity of the grassland
in the University of Ghana shows that individual small mammals had more eggs per

individual than in Muni-Pomadze.
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This study identified nine species of gastro-intestinal parasites which is similar to
Coomansingh-Springer et al. where they identified ten species of helminths. Similar surveys
in Jamaica and Grenada revealed 9 and 6 helminths respectively (Waugh et al., 2006;
Coomansingh et al., 2009). This findings of single infections being more common than mixed
infections is similar to previous studies conducted in Jamaica (Waugh et al., 2006) and
Grenada (Coomansingh et al., 2009) where single infections were more common than mixed

infections.

Considering the role of rodents in the spread of zoonotic parasitic agents in the environment
and their risk for public health and the high infectivity rates of zoonotic helminthic species in
rodents, it seems a comprehensive control plan and a preventive approach are required

(Mohtasebi et al., 2020).
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CHAPTER SIX

CONCLUSION AND RECOMMENDATIONS

6.1 CONCLUSION

The small terrestrial mammals captured in this study were Mastomys natalensis and
Lemniscomys striatus. In Muni-Pomadze: 4 males and a female of L. striatus; 18 females and
11 males of M. natalensis. In The University of Ghana grassland, 36 males and 38 females of
M. natalensis. Gastrointestinal parasites identified were Ascaris sp., Balantidium,
Dicrocoelium sp., Enterobius sp., Fasciola sp., Hymenolepis sp., Hookworm, Strongyloides
sp., Trichuris sp. Ascaris sp was was the dominant species. XXXX Ectoparsites were of one
species — Haemaphysalis leachi, most of which were nymph.

The limitations of the study include the inability to carry out the molecular work due to lack
of funds even though blood samples were collected onto filter paper for that purpose. The
zoonotic aspects of the study could not also be established as the molecular work was not
doen, neither could humans be included in the study. Ideally, samples should have been
collected from inhabitants that live clode to the study site so as to ascertain if these parasites
of small mammals could be found in humans. However, this could not happen due to

logistical constraints as well as limited time and also the scope of study.
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6.2 RECOMMENDATION

Even though the original plan of the study was to include molecular work, this aspect could
not be done due to the lack of funds. Future studies should characterize the parasites at the
gene level to the species level. Future studies should also consider collecting samples in the
dry and rainy seasons in order to get a complete overview of the small mammals and their
parasites. Future studies should also include human samples to establish the zoonotic

implications of such observations in the small mammals.

The samples were collected in November and the laboratory analysis was done in March due
restrictions from the COVID-19 pandemic. It is recommended that in the future the
laboratory work should not take more than a week after sample collection in order to reduce

the chances of worms, larvae, eggs etc of parasites becoming disfigured.

Using morphology alone for identification may introduce wrong names where species are
closely related. Trying to differentiate the parasites based on morphological and metrics may
be difficult and hence molecular work should also be included in further studies. Blood
samples should be taken from inhabitants close to the Muni-Pomadze Ramsar site to ascertain
the public health importance of the parasites found in this study.

Further research — will be required to properly investigate these findings.

57



7.0 REFERENCES

Acha P.N (2003). Zoonoses and Communicable Diseases Common to Man and Aniamls:
Parasitoses. Pan American Health Organization, 3" edition.

Adaeze E.T., Kalul I.1., Uchenna E.U, Chuka A.D., Chioma A.l., Chizoba N.N., Chah K.F.
(2017). Helminth parasites of Lemniscomys striatus (striped grass mouse) and
Cricetomys gambianus (giant African rat) in Nsukka, Nigeria. Asian Pacific

Journal of Tropical Disease. https://doi.org/10.12980/apjtd.7.2017D6-373

Adelson ME, Rao RV, Tilton RC, Cabets K, Eskow E, Fein L, Occi J.L, Mordechai E (2004).
Prevalence of Borrelia burgdorferi, Bartonella spp., Babesia microti, and
Anaplasma phagocytophila in Ixodes scapularis ticks collected in Northern New
Jersey. J Clin Microbiol 2(6):2799-2801. doi:10.1128/JCM.42.6.2799-2801.2004

Adler, P.H. and Wills, W. (2003) The history of arthropod-borne human diseases in South
Carolina. American Entomologist, 49, 216-228.

Aenishaenslin C, Hongoh V, Cissé HD, Hoen AG, Samoura K., Michel P, Waaub JP,
Bélanger D. (2013). Multi-criteria decision analysis as an innovative approach to
managing zoonoses: Results from a study on Lyme disease in Canada. BMC Public
Health. 13: 897.DOI: 10.1186/1471-2458-13-897.

Ajayi 0.0, Ogwurike B.A, Ajayi J.A. (2006). Blood protozoan parasites of rodents in Jos
Plateau State Nigeria. Anim Prod Res Adv. 2:202-207.

Akinboade O.A, Dipeolu OO, Ogunji F.O, Adegoke G.O. (1981). The parasites obtained and
bacteria isolated from house rats (Rattus rattus Linnaeus, 1758) caught in human
Apanaskevich D, Petney T.N, Horak I, Estrada-Pena A, (2010).The Argasidae,

Ixodidae and Nuttalliellidae (Acari: Ixodida) of the world: A list of valid species

58


https://doi.org/10.12980/apjtd.7.2017D6-373

names. Experimental and Applied Acarology. Magnolia Press. Zootaxa 2528: 1-28
habitations in Ibadan, Nigeria. Int J Zoonoses 1981; 8: 26-32.

Alonso, F.D., Gomis, J., Ruiz de Ybafez, M.R., Gutiérrez, A., Sierra, J., Martinez-Carrasco,
C. (2004). Tick infestation on wild ruminants in the Sierra de Cazorla, Segura y
Las Villas Natural Park, Spain. In Proceedings of the XII Congress of the
Mediterranean Federation for Health and Production of Ruminants, Istanbul,
Turkey, 16-19 September; pp. 1-6.

Archer C.E, Appleton C.C, Mukaratirwa S, Lamb J, Schoeman M.C. (2017) Endo-parasites
of public-health importance recovered from rodents in the Durban metropolitan
area, South Africa, Southern African Journal of Infectious Diseases, 32:2, 57-66,

DOI: 10.1080/23120053.2016.1262579

Arzte-Verlag D (2013). Zoonoses: Infectious Diseases Transmissible from Animals to
Humans. ASM Press. 4" edition

Ashford RW. (1997). The leishmaniases as model zoonoses. Ann Trop Med Parasitol;
91:693-701.

Assafa, D., Kibru E., Nagesh S., Gebreselassie S., Deribe F., Ali J. (2006). Medical
Parasitology. USAID.

Attuquayefio D. K., Ryan J. M. (1997). Taxonomic Report on Small Mammals from Two
Coastal Wetland (Ramsar) Sites in Ghana.

Bai, L. Q., Wang, J. J., Si, X. Y (2014). Overview of the survelliance of rodent populations
from 2001 to 2011 in Inner Mongolia. Inner Mongolia Med. 46, 826-829.

Bangs MJ, Telford SR, Wongsrichanalai C (2005). Bartonella species in rodents and shrews
in the greater Jakarta area. Southeast Asian J Trop Med Public Health 36(6):1523—

1529.

59



Barelli C, Gonzalez-Astudillo V, Mundry R, Rovero F, Heistermann M, Hauffe HC (2021).
Correction: altitude and human disturbance are associated with helminth diversity
in an endangered primate, Procolobus gordonorum. PLoS One 16(5): e0251617.
http:// dx.doi.org/10.1371/journal.pone.0251617. PMid:33956911.

Barker, S.C. (1998). Distinguishing species and populations of rhipicephaline ticks with its 2

ribosomal RNA. J. Parasitol., 84, 887—892. [CrossRef]

Biggs A., Burns J.E, Daniel L, Ezrailson C, Feather C, Horton P., McCarthy T., Ortleb E,
Snyder S.L., Werwa E., (2001). National Geographic Society, Life Science.

McGraw Hill, pp. 360-367

Blackburn H.D, Paiva SR, Wildeus S. (2011). Genetic structure and diversity among sheep
breeds in the United States: identification of the major gene pools. Journal of
Animal Science, vol. 89, no. 8, pp. 2336-2348.

Boardman K, Rosenke K, Safronetz D., Feldmann H, and Schwan T.G (2019). Competency
of the Multimammate Rat Mastomys natalensis Demonstrated by Prolonged
Spirochetemias with the African Relapsing Fever Spirochete Borrelia crocidurae.
Am. J. Trop. Med. Hyg., 101(6), pp. 1272-1275. doi:10.4269/ajtmh.19-0590

Bochkov, A.V., Skoracki, M, A (2011). New cheyletid mite Metacheyletia ngaii n. sp.
(Acariformes: Cheyletidae) from quills of Corythaixoides leucogaster
(Musophagidae) from Tanzania. Acarologia, 51, 93-97.

Boris R. K, Robert P, Georgy I. S, David M and Irina S. K (2004). Ectoparasitic “Jacks-of-
All-Trades”: Relationship between Abundance and Host Specificity in Fleas
(Siphonaptera) Parasitic on Small Mammals. The American naturalist vol. 164, no.

4

60



Boulouis H.J, Chang C.C, Henn J.B, Kasten R.W, Chomel B.B (2005) Factors associated
with the rapid emergence of zoonotic Bartonella infections. Vet Res 36(3):383—
410. doi:10.1051/ vetres:2005009

Bowman D.D. (2014). George’s parasitology for vertenarians, 10" edition. St Louis (MO):
Elsevier Saunders.

Brites-Neto, J.; Duarte, K.M.R.; Martins, T.F. (2015). Tick-borne infections inhuman and
animal population worldwide. Vet. World, 8, 301-315. [CrossRef] [PubMed]

Campbell N.A., Reece J.B. (2008). Biology. 8'" edition. Pearson Education, Inc.

Cantas, L., Suer K (2014). The Important Bacterial Zoonoses in “One Health” Concept .US
National Library of Medicine. National Institutes of Health. Vet. Parasitol .120:29-
34

Chang C.C, Chomel B.B, Kasten R.W, Romano V, Tietze N (2001) Molecular evidence of
Bartonella spp. in questing adult Ixodes pacificus ticks in California. J. Clin
Microbiol 39 (4):1221-1226. doi:10.1128/JCM.39.4.1221-1226.2001

Chang C.C, Hayashidani H, Pusterla N, Kasten R.\W, Madigan J.E, Chomel B.B (2002)
Investigation of Bartonella infection in Ixodid ticks from California. Comp
Immunol Microbiol Infect Dis 25 (4):229-236

Chen W, Plewig G. (2014). Human demodicosis: revi-sit and a proposed classification. Br J
Dermatol. 170(6):1219-25

Christensen J.T (1996). Home range and abundance of M. natalensis in habitats affected by
cultivation. Afr. J. Ecol. 34, pp 298-311

Chul-Min K, Ying-Hua Y, Do-Hyeon Y, (2006) Tick-borne rickettsial pathogens in ticks and
small mammals in Korea. Appl Environ Microbiol 72: 5766-76.

Coetzee C.G (1975). The biology, behavior and ecology of Mastomys natalensis in southern

Africa. Bull World Health Organ 52: 637-644.

61



Coetzee C.G (2010). The breeding season of the multimammate mouse Praomys (Mastomys
natalensis) (a. Smith) in the transvaal highveld. Zoologica Africana 1 (1); 29-39

Cohan M, (2019). Parasites in Small Mammals. VetFolio

Coomansingh, C., Pinckney, R.D., Bhaiyat, M.l., Chikweto, A., Bitner, Sharma, R., (2009).
Prevalence of endoparasites in wild rats in Grenada West Indies. West Indian Vet.

3.9(1), 17-21.

Craig TM (2018). Gastrointestinal nematodes, diagnosis and control. Vet Clin North Am
Food Anim Pract; 34(1):185-99.

Cutler S.J., Fooks A.R., Van der Poel W.H.M. (2010). ‘Public health threat of new re-
emerging and neglected zoonoses in the industrialized world’, Emerging Infectious
Diseases., 16: 1 —7.

Dadson J.A (1995) Muni-Pomadze Ramsar Site: Socio-Economics. Ghana Coastal Wetland
Management Project. Department of Game and Wildlife, Government of Ghana, 64
PP

Dantas-Torres, F. (2010). Biology and ecology of the brown dog tick, Rhipicephalus
sanguineus. Parasit Vectors., 3, 26. [CrossRef] [PubMed]

Dantas-Torres, F. (2008). The brown dog tick, Rhipicephalus sanguineus (Latreille, 1806)
(Acari: Ixodidae): From taxonomy- to control. Vet. Parasitol. 152, 173-185.
[CrossRef]

Daszak P, Cunningham A.A, and Hyatt A.D (2001). Anthropogenic environmental change
and the emergence of infectious diseases in wildlife. Acta Tropica 78, 103-116.

Dassi C, Mosi L, Akpatou B, Narh CA, Quaye C (2015). Detection of Mycobacterium

ulcerans in Mastomys natalensis and Potential Transmission in Buruli ulcer

62



Endemic Areas in Cote d'lvoire. Mycobact Dis 5: 184. doi:10.4172/2161-
1068.1000184

Davies G, Hoffmann M. (2002). African Forest Biodiversity. A field survey manual for
vertebrates. Earthwatch Europr, UK.

Davies P.W, Solomon E.P, (1986). The World of Biology. 3" edition. CBS College Printing
pg. 338-347.

Davis S, Calvet E, Leirs H, (2005). Fluctuating Rodent Populations and Risk to Humans from
Rodent-Borne Zoonoses. Vector-borne and zoonotic diseases Volume 5, number 4

Day M.J, (2016). Pet-Related Infections. Am Fam Physician.;94(10):794-802. PMID:
27929279.

De la Fuente, J., (2018). Controlling ticks and tick-borne diseases...looking forward. Ticks
Tick-Borne Dis. 9, 1354-1357.frontiers in Bioscience. DOI: 10.2741/3200

De la Fuente, J., Contreras, M., Estrada-Pe~na, A., Cabezas-Cruz, A., (2017). Targeting a
global health problem: vaccine design and challenges for the control of tick-borne
diseases. VVaccine 35, 5089-5094.

De la Fuente, J., Estrada-Pefia, A., Venzal, J.M. and Sonenshine, D.E. (2008). Overview:
Ticks as Vectors of Pathogens That Causes Diseases in Humans and Animals.

Frontiers in Bioscience, 13, 6938-6946. http://dx.doi.org/10.2741/3200.

Denys C., Lalis A., Kourouma F. (2012). Morphological, genetical and ecological
discrimination of sympatric Coastal Guinea Mastomys (Mammalia Rodentia)
species (West Africa) implications for health and agriculture. Rev. Ecol.-Terre Vie

67:193-211.

63



De Silva N.R., Brooker, S., Hotez, P.J., Montresor, A., Engels, D., Savioli, L. (2003) Soil-
transmitted helminth infections: updating the global picture. Vet. Parasitol. 82, 21-
34

Diatta G, Duplantier J.M, Granjon L, Chauvancy G, Ndiaye M, Trape J.F, (2015). Borrelia
infection in small mammals in West Africa and its relationship with tick
occurrence inside burrows. Acta Trop 152: 131-140.

Dobrokhotov B.P. (1982). The utilization of electrophoresis of hemoglobins for identification
of species of the genus Mastomys from West-Africa. Zool. Zh. 61: 290-294.

Eisen R.J, Gage K.L (2012). Transmission of flea-borne zoonotic agents. Annu Rev Entomol.
57:61-82.

Elbir H, FotsoFotso A, Diatta G, Trape J.F, Arnathau C, Renaud F, Durand P, (2015).
Ubiquitous bacteria Borrelia crocidurae in western African ticks Ornithodoros
sonrai. Parasit Vectors 8:477.

Emadi Kochak H, Yalda AR, Haj Abdolbaghi M, Soudbakhsh AR. (2003). Crimean Congo
Hemorrhagic Fever (CCHF) in Iran and world (Persian)]. Tehran University of
Medical Sciences Journal. 61(5):343-58

Eskow E, Rao R.V, Mordechai E (2001) Concurrent infection of the central nervous system
by Borrelia burgdorferi and Bartonella henselae: evidence for a novel tick-borne
disease complex. Arch Neurol 58(9):1357-1363.

Estébanes-Gonzélez M.L, Cervantes F.A (2005). Mites and ticks associated with some small
mammals in mexico, International Journal of Acarology, 31:1, 23-37, DOI:
10.1080/01647950508684413

Estrada-Pena, A., Jongejan F. (1999). Ticks feeding on humans: A review of records on
human-biting Ixodoidea with special reference to pathogen transmission. Exp Appl

Acarol 23:685-715.

64



Feliu, C., Spakulova M, Casanova J.C, Renaud F, Morand S, Hugot J.P, Santalla F, Durand
P. (2000). Genetic and morphological heterogeneity in small rodent whipworms in
southwestern Europe: Characterization of Trichuris muris and description of
Trichuris arvicolae n. sp. (Nematoda: Trichuridae). Journal of Parasitology 86:
442449,

Fiedler L.A (1988). Rodent problems in Africa. In: Rodent Pest Management (Ed. I.
Prakash). CRC Press Inc., Boca Ration.

Fichet-Calvet E., Lecompte E., Koivogui L. (2007): Fluctuation of abundance and Lassa
virus prevalence in Mastomys natalensis in Guinea, West Africa. Vector Borne
Zoonotic Dis. 7: 119-128.

Fichet-Calvet E, Rogers D.J (2009). Risk maps of Lassa Fever in West Africa. PLoS Negl
Trop Dis 3: e388.

Fleming, T.H. (1975). The role of small mammals in tropical ecosystems, pp. 269-298. In
F.B. Golly, K. Petrusewicz and L. Ryszkowski, eds., Small Mammals: Their
Productivity and Population Dynamics. Cambridge University Press. New York,
United State.

Foley R, Kelly P, Gatault S, Powell F. (2021). Demodex: a skin resident in man and his best
friend. J Eur Acad Dermatol Venereol. 35:62—72. Forsdyke DR. 2021. Neutralism
versus selectionism: Chargaff’s second parity rule, revisited. Genetica 149:81-88.

Foresman S, Wesley A (1998). Biology: The Web of Life. Addison Wesley Longman, Inc.

Foster W.D (1965). A History of Parasitology. E & S Livingstone: Edinburgh, London; 202.

Frame J.D, Baldwin J.M, Gocke D.J, Troup J.M (1970). Lassa fever, a new virus disease of
man from West Africa. I. Clinical description and pathological findings. Am J Trop

Med Hyg 19: 670-676.

65



Francischetti 1.M, Sa-Nunes A, Mans B. J, Santos I.M, Ribeiro J.M (2009). The role of saliva
in tick feeding. Front Biosci (Landmark Ed) 14: 2051-2088.

Freeman S. (2002). Biological Science. Prentice-Hall, Inc.

Fried G.H, Hademenos G.J, (2009). Biology. 3™ edition. McGraw Hill.

Gage, K. L. (2012). Factors affecting the spread and maintenance of plague. Adv. Exp. Med.
Biol. 954, 79-94. https ://doi.org/10.1007/978-1-4614-3561-7_11.

Gale T. (2005). Grzimek’s Student Animal Life Resource. Farmington Hills, MI

Gallizzi, K., Alloitteau, O., Harrang, E. & Richner, H. (2008). Fleas, parental care, and
transgenerational effects on tick load in the great tit. Behav. Ecol. 19, 1225-1234.
https ://doi.org/10.1093/behec o/arn08 3.

Garcia L. C. (2007). Diagnostic Medical Parasitology. 5™ Ed. ASM Presss

Giban, J, (1978) "Control of The Multimammate Rat, Mastomys natalensis (A. SMITH) IN
THE IRRIGATED FIELDS OF THE REPUBLIC OF BURUNDI" (1978).
Proceedings of the 8th Vertebrate Pest Conference (1978). 20.
https://digitalcommons.unl.edu/vpc8/20

Gillian, J., David, I., Buttle, R., Duce, M. and Behnke (2006). Human gastrointestinal
nematode infections: are new control methods required Int J Exp Pathol. 87(5):
325-341. doi: 10.1111/j.1365-2613.2006. 00495. x

Gordon C, Ntiamoa-Baidu Y, Ryan J.M (2000). The Muni-Pomadze Ramsar site.
Biodiversity and Conservation 9: 447-464.

Gosling, P.J. (2005). Dictionary of Parasitology. CRC Press. USA.

Goly de Bellocq J., Bryjova A., Martynov A.A. & Lavrenchenko L.A. (2020): Dhati Welel
virus, the missing mammarenavirus of the widespread Mastomys natalensis. J.

Vertebr. Biol. 69: 20018. https://doi.org/10.25225/jvb.20018.

66



Green C.A., Gordon D.H. & Lyons N.F. (1978): Biological species in Praomys (Mastomys
natalensis) (Smith), a rodent carrier of Lassa virus and bubonic plague in Africa.
Am. J. Trop. Med. Hyg. 27: 627-629.

Grove D.l (1990). A History of Human Helminthology. CAB International: Wallingford;
848.

Gryseels S., Baird S.J., Borremans B. et al. (2017): When viruses do not go viral: the
importance of host phylogeographic structure in the spatial spread of arena viruses.
PLOS Pathog. 13: e1006073.

Guglielmone, A.A.; Robbins, R.G.; Apanaskevich, D.A.; Petney, T.N.; Estrada-pefia, A.;
Horak, 1.G.; Shao, R.; Barker, S.C. (2010). Zootaxa, The Argasidae, Ixodidae and
Nuttalliellidae (Acari: Ixodida) of the world: A list of valid species names. Zootaxa
28, 1-28

Gunn A, Pitt S.J (2012). Parasitology: An Integrated approach. John Wiley & Sons, Ltd

Gutierrez Y. (2000). Diagnostic pathology of parasitic infections with clinical correlations,
2nd ed. New York. NY: Oxford University Press.

Hallman R., (2000). The Living Environment: Biology. Amsco School Publications, Inc. pp.

68-84.

Hanafi-Bojd A.A, Shahi M, Baghaii M, Shayeghi M, Razmand N, Pakari A.(2007). A study
on rodent ectoparasites in Bandar Abbas: The main economic southern seaport of

Iran. Iranian J Envir Health Sci Engin; 4: 173-6.

Harrison, B.A., Engber B.R., Apperson C.S. (1997). Ticks (Acari: Ixodida) uncommonly

found biting humans in North Carolina. J Vector Ecol 22:6-12.

Hickman C.P, Roberts L.S, Larson A, (2002). Animal Diversity. 3" edition. McGraw—Hill.
Hickman C.P, Roberts L.S, Larson A, (2001). Integrated Principles of Zoology. 11" edition.

McGraw-Hill
67



https://flexbooks.ck12.org/cbook/ck-12-middle-school-life-science

2.0/section/10.22/primary/lesson/mammal-classification-ms-Is [Accessed on 7th
June 2021]

https://www.britannica.com/animal/mammal/Importance-to-humans [Accessed on 7" June

2021]

https://www.who.int/emergencies/disease-outbreak-news/item/2021-DON331 [Accessed on

27th September, 2021]

https://www.who.int/health-topics/ebola#tab=tab_1 [Accessed on 27th September, 2021]

https://www.who.int/news/item/30-03-2021-who-calls-for-further-studies-data-on-origin-of-
sars-cov-2-virus-reiterates-that-all-hypotheses-remain-open[Accessed on  27th
September, 2021]

https://academic.oup.com/jmammal/article/84/3/851/905935 [Accessed on 7" June 2021]

https://www.sciencedirect.com/topics/immunology-and-microbiology/mastomys-natalensis

[Accessed on 7th June 2021]

https://www.cdc.gov/fleas/life cycle and hosts.htmlI[Accessed on 24th September 2021]

https://www.esccap.org/uploads/docs/b3rbhi5x 3.2 Tick life cycle WM.pdf [Accessed on

24th September 2021]

https://slideplayer.com/slide/3908792/13/images/28/Life+Cycle.jpa[Accessed on 24th

September 2021]

Hopson J.L, Wessells N.K. (1990). Essentials of Biology. McGraw-Hill, Inc. Pp. 441-444
Horak, I. G., Biggs, H. C, Hanssen, T. S. & Hanssen, R. E. (1983). The prevalence of
helminth and arthropod parasites of warthog, Phacochoerus aethiopicus, in South

West Africa Namibia. Onderstepoort J. Vet. Res. 50, 145-148.

68


https://flexbooks.ck12.org/cbook/ck-12-middle-school-life-science
https://www.britannica.com/animal/mammal/Importance-to-humans%20%5bAccessed
https://www.who.int/emergencies/disease-outbreak-news/item/2021-DON331
https://www.who.int/health-topics/ebola#tab=tab_1
https://academic.oup.com/jmammal/article/84/3/851/905935%20%5bAccessed
https://www.sciencedirect.com/topics/immunology-and-microbiology/mastomys-natalensis
https://www.cdc.gov/fleas/life_cycle_and_hosts.html
https://www.esccap.org/uploads/docs/b3rbhl5x_3.2_Tick_life_cycle_WM.pdf
https://slideplayer.com/slide/3908792/13/images/28/Life+Cycle.jpg

Igbokwe C.O, Agina O.A, Okoye C.N, Onoja R.l. (2016). Haematological and serum
biochemistry profile of the juvenile wild African giant rat (Cricetomys gambianus,
Waterhouse — 1840) in Nsukka, south-eastern Nigeria — a preliminary
investigation. J Appl Anim Res, 45: 190-4.

Isaac C, Igbinosa B.I, Ohiolei J.A, Osimen C.E (2018). Endoparasites of Small Mammals in
Edo State, Nigeria: Public Health Implications. Korean J Parasitol Vol. 56, No. 1:
93-100,

Isadacson M., Arntzen L. & Taylor P. (1981): Susceptibility of members of the Mastomys
natalensis species complex to experimental infection with Yersinia pestis. J. Infect.
Dis. 144: 80-80.

Isadcson M. (1975). The ecology of Praomys (Mastomys natalensis) in southern Africa.
BULL. WHO. Vol. 52, 1975.

Izdebska, J.N.9 (2001). European bison arthropod parasites from closed Polish breeding
facilities. Acta Parasitol. 46, 135-137.

Jimale A.A, Wall R, Otranto D (2023). Ticks and tick-borne pathogens of domestic animals
in Somalia and neighbouring regions of Ethiopia and Kenya. 243.
https://doi.org/10.1016/j.actatropica.2023.106944

Johnson G.B, Raven P.H (2006). Biology. Holt, Rinehart and Winston. Pp. 799-821.

Jones, K.E, Patel N.G, Levy M.A, Storeygard A, Balk D, Gittleman J.L, Daszak P (2008).
Global trends in emerging infectious diseases. Nature 451(21). 990-994

Jongejan, F.; Uilenberg, G. (1994). Ticks and control methods. Revue scientifique et
technique (Int. O. Epizoot.), 13, 1201-1226. [CrossRef] [PubMed]

Karbowiak, G., Rychlik L, Nowakowski W, Wita I. (2005). Natural infections of small
mammals with blood parasites on the borderland of boreal and temperate forest

zones. Acta Theriol. 50: 31-42.

69



Karesh, W.B., Dobson A, Lloyd-Smith J.O, Lubroth J, Dixon M.A., Bennet M., Aldrich S,
Harrington T., Formenty P, Loh E.H, Machalaba C.C, Thomas M.J, and Heymann
D.L (2012). Ecology of zoonoses: natural and unnatural histories. Lancet
380(9857), 1936-1945

Kasamba L.E., Aimé K, Kaj Kayomb N.K, Kabwe D.N, Mposhy M (2013). Detection of
Elements of Transmission of Zoonotic Diseases in Kolwezi. Asian Journal of
Medicine and Health. DOI: 10.9734/AJMAH/2023/v21i10900

Kataranovski M, Mirkov I, Belij S, Popov A, Petrovic Z, Gaci Z, (2011). Intestinal helminths
infection of rats (Rattus norvegicus) in the Belgrade area (Serbia): the effect of sex,
age and habitat. Parasite; 18(2): 189-96.

Keeling M.J and Rohani P. (2008). Modeling infectious Diseases. Princeton University Press,
Princetopn, New Jersey

Keeton W.T., Gould J.L (1993). Biological science. 5" edition. W.W Norton & Company,
Inc. pp. 725-739.

Keirans, J.E. and Durden, L.A. (1998) Illustrated Key to Nymphs of the Tick Genus
Amblyomma (Acari: Ixodidae). Found in the United States. Journal of Medical
Entomology, 35, 389-495.

Khalil L.F (1986). The helminth parasites of rodents and their importance. In: Zaghloul TM,
Salit AM, Zakaria M, Helmy Mohammad AM, editors. Proceedings of the second
symposium on recent advances in rodent control; 1985 Feb 2-6; State of Kuwait.
State of Kuwait: Ministry of Public Health, p. 141-9.

Kozina, P.; 1zdebska, J.N.; Rolbiecki, L. (2023). A New Species of Demodex (Acariformes:
Prostigmata) Observed in the Mouflon, Ovis aries musimon (Artiodactyla:
Bovidae) with Data on the Parasitism and Occurrence of Other Ectoparasites.

Animals, 13, 2619. https:// doi.org/10.3390/ani13162619

70



Krasnova B.R, Shenbrota G.l, Khokhlovab I.S, Poulin R (2004). Relationships between
parasite abundance and the taxonomic distance among a parasite’s host species: an
example with fleas parasitic on small mammals. International Journal for
Parasitology 34; 1289-1297

Krasnov B.R, Poulin R, Shenbrot G.I, Mouillot D, Khokhlova 1.S (2004). Ectoparasitic
“Jacks-of-All-Trades”: Relationship between Abundance and Host Specificity in
Fleas (Siphonaptera). Parasitic on Small Mammals, vol. 164, no. 4 The American
Naturalist

Krasnov B. R., Mouillot D., Shenbrot G. I|., Khokhlova I. S. and Poulin R. (2005).
Abundance patterns and coexistence processes in communities of fleas parasitic on
small mammals. Ecography 28: 453/464.

Lalis A, Leblois R, Lecompte E, Denys C, Ter Meulen J, (2012) The Impact of Human
Conflict on the Genetics of Mastomys natalensis and Lassa Virus in West Africa.
PLoS ONE 7(5): e37068. doi: 10.1371/journal.pone.0037068

Lance, A.D., Ram, N.P., Todd, N., Craig, W.B. and James, H.O., Jr. (2004) Ectoparasites and
other epifaunistic arthropods of sympatric cotton mice and golden mice:
comparisons and implications for vector-borne zoonotic diseases. American
Journal of Parasitology, 90, 1293-1297.

Lavrenchenko L.A. (1995): The formation of the commensal rodent fauna in the central part
of the Baro-Acobo interfluve (south-western Ethiopia). Theriological studies in
Ethiopia: 21— 31. (in Russian)

Lorusso V, Wijnveld M, Majekodunmi A. O, Dongkum C, Fajinmi A, Dogo A.G, Thrusfield
M, Mugenyi A, Vaumourin E, Igweh AC, Jongejan F, Welburn S.C and Kim
Picozzi K (2016). Tick-borne pathogens of zoonotic and veterinary importance in

Nigerian cattle Lorusso et al. Parasites & Vectors, 9:217

71



Lecompte E., Fichet-Calvet E., Daffis S. (2006): Mastomys natalensis and Lassa fever, West
Africa. Emerg. Infect. Dis. 12: 1971-1974.

Lecompte E, Fichet-Calvet E, Daffis S, Koulemou K, Sylla O, (2006) Mastomys natalensis
and Lassa fever, West Africa. Emerg Infect Dis 12: 1971-1974.

Leger A, (1917). Spiroche™ te de las musaraigne (Crocidura stampflii Jentink). Bull Soc Path
Exot 10: 280-281.

Leirs H. (1994): Population ecology of Mastomys natalensis (Smith, 1834). Implications for
rodent control in Africa. A report from the Tanzania-Belgium joint rodent research
project (1986-1989). Belgian Administration for Development Cooperation,
Brussels.

Liang, X. C., Wang, D. S (2011). Analysis of epidemic situation of Marmota himalayana
plague natural focus in Gansu Provence. Bull. Dis. Control Prev. 26, 38-48.

Litwin D, Chen W, Dzika E, Korycinska J. (2017). Human Permanent Ectoparasites; Recent
Advances on Biology and Clinical Significance of Demodex Mites: Narrative
Review Article. Iran J Parasitol: \Vol. 12, No. 1, pp. 12-21

Liu X.Y, Bonnet S.1 (2014). Hard Tick Factors Implicated in Pathogen Transmission. PLOS.
Neglected Tropical Diseases.

Li D.M, Liu Q.Y, Yu D.Z, Zhang J.Z, Gong Z.D, Song X.P (2007) Phylogenetic analysis of
Bartonella detected in rodent fleas in Yunnan, China. J Wildl Dis 43(4):609-617.

Lloyd-Smith J.O, George D, Pepin K.M, Pitzer V.E, Pulliam J.R, Dobson A.P, Hudson P.J,
and Grenfell B.T. (2009). Epidemic dynamics and the human-animal interface.

Science 326(5958), 1362-1367.

72



Loftis A.D, Gill J.S, Schriefer M.E, Levin M.L, Eremeeva M.E, Gilchrist M.J, Dasch G.A
(2005). Detection of Rickettsia, Borrelia, and Bartonella in Carios kelleyi (Acari:
Argasidae). J Med Entomol 42(3):473-480.

Luo L, Guo X, Qian T, Wu D, Men X, Dong W (2007). The Authors Insect Science 14, 71-
78

Lun Z-R, Reid SA, Lai D-H, Li F.J. (2009). Atypical human trypanosomiasis: a neglected
disease or just an unlucky accident? Trends Parasitol.25:107-8.

Mader S.S, (2000). Enquiry into Life. 9" edition. McGraw-Hill, Inc. pp. 656-666.

Mackenzie J.S, McKinnon M, and Jeggo M. (2014). One Health: From Concept to Practice

Mayr A. (1988). Current Problems in Zoonosis Research. J. Vet. Med. B 36, 3-9

Manson P, Stanko M. (2005). Mesostigmatic mites (Acari) and fleas (Siphonaptera) associ-
ated with nest of mound-building mouse, Mus spicilegus Petenyi, (Mammalia,

Rodentia). Acta Parasitol 50: 228-34.

McCormick JB, King 1J, Webb PA, Johnson KM, O’Sullivan R, et al. (1987) A case-control
study of the clinical diagnosis and course of Lassa fever. J Infect Dis 155: 445—
455.

McCormick J.B (1987). Epidemiology and control of Lassa fever. Curr Top Microbiol
Immunol 134: 69-78.

Meheretu Y., Leirs H., Welegerima K. (2013): Bartonella prevalence and genetic diversity in
small mammals from Ethiopia. Vector Borne Zoonotic Dis. 13: 164-175.
Mehravaran A, Moradi M, Telmadarraiy Z, Mostafavi E, Moradi AR, Khakifirouz S, (2013).
Molecular detection of Crimean-Congo haemorrhagic fever (CCHF) virus in ticks
from southeastern Iran. Ticks and Tick-Borne Diseases. (1-2):35-8.

[DOI:10.1016/j.ttbdis.2012.06.006] [PMID]

73



Merten, H.A., L.A. Durden. A state-by-state survey of ticks recorded from humans in the
United States. J Vector Ecol 25:102-113, 2000.

Miller S.A, Harley J.P, (2001). Zoology.5'" edition. McGraw-Hill

Mohd Zain S.N, Behnke J.M, Lewis J.W (2012). Helminth communities from two urban rat
populations in Kuala Lumpur, Malaysia. Parasit Vectors; 5: 47.

Mohtasebi S, Teimouri A, Mobedi I, Mohtasebi A, Abbasian H, Afshar MJA. (2020).
Intestinal helminthic parasites of rodents in the central region of Iran: first report of
a capillariid nematode from Dryomys nitedula. 13:461.
https://doi.org/10.1186/s13104-020-05304-x

Mokhtari H, Faraji P. (2017). [Evaluation of epidemiologic and clinical manifestations of
suspected and definitive CCHF referred to health center of khorasanrazavi province
(from 1384 to 1391) (Persian)]. Journal Managment System, 4(2):1-14.

Molaei, G., Little, E.A., Williams, S.C., Stafford, K.C., 2019. Bracing for the worst — range
2189-2192.

Monadjem A., Taylor P.J., Denys C., Cotterill F.P. (2015). Rodents of sub-Saharan Africa: a
biogeographic and taxonomic synthesis. Walter de Gruyter GmbH, Berlin,
Germany.

Monath T.P, Newhouse V.F, Kemp G.E, Setzer H.W, Cacciapuoti A (1974) Lassa virus
isolation from Mastomys natalensis rodents during an epidemic in Sierra Leone.
Science 185: 263-265.

Morand S. (2015) Evolutionary ecology of parasite diversity: from determinants of parasite
species richness to host diversification. Int J Parasitol Parasites Wildl 4(1): 80-87.

http://dx.doi.org/10.1016/j.ijppaw.2015.01.001. PMid:25830109.

74


https://doi.org/10.1186/s13104-020-05304-x
http://dx.doi.org/10.1016/j.ijppaw.2015.01.001.%20PMid:25830109

Morick D, Krasnov B.R, Khokhlova I.S, Shenbrot G.I, Kosoy M.Y, Harrus S (2010)
Bartonella genotypes in fleas (insecta: siphonaptera) collected from rodents in the
Negev Desert, Israel. Appl Environ Microbiol 76(20):6864-6869

Morsy T.A, el Okbi M.M, el-Said A.M, Arafa M.A, Sabry A.H (1995). Demodex (follicular
mite) infest-ing a boy and his pet dog. J Egypt Soc Parasitol. 25(2):509-12.

Mtshali, K.; Khumalo, Z.T.H.; Nakao, R.; Grab, D.J.; Sugimoto, C.; Thekisoe, O.M.M.
(2015). Molecular detection of zoonotic tick-borne pathogens from ticks collected
from ruminants in four South African provinces. J. Vet. Sci. 77, 1573-1579.
[CrossRef] [PubMed]

Mulenga, A. (2014). Molecular biology and physiology of chemical communication. In
Biology of Ticks; Sonenshine, D.E., Roe, R.M., Eds.; OUP USA: New York, NY,
USA; pp. 368-397.

Murray, C.J.L. and Lopez, A.D. (1996). The Global Burden of Disease. Geneva: World
Health Organization, Harvard School of Public Health, World Bank.

Musser GG, Carleton MD, (2005). Superfamily Muroidea. Wilson DE, Reeder DM, eds.
Mammal Species of the World. Baltimore, MD: The Johns Hopkins University
Press, 894-1531.

Nava, S.; Guglielmone, A.A.; Mangold, A.J (2009). An overview of systematics and
evolution of ticks. Front. Biosci. (Landmark Ed.).14, 2857-2877. [CrossRef]

Nicolas V, Colyn M. (2006). Relative efficiency of three types of small mammal traps in an
African rainforest. Belgian Journal of Zoology, 136, 107-112.

Niedbata W.; Adamski, Z.; Laniecki, R.; Magowski W.L. (2023) Ptyctimous Mites (Acari,
Oribatida) of Peru with the Description of an Extraordinary New Phthiracaroid
Mite from the Peruvian Andes. Animals, 13, 2403. https://

doi.org/10.3390/ani13152403

75



Ogden, N.H., Lindsay, L.R., (2016). Effects of climate and climate change on vectors and
vector-borne diseases: ticks are different. Trends Parasitol. 32, 646-656. https://
doi.org/10.1016/j.pt.2016.04.015.

Pacheco, 1., Acevedo, P., Prado, E., Mihalca, A.D., de la Fuente, J., 2020. Targeting the
exoskeleton elementome to track tick geographic origins. Front. Physiol. 11,
572758.

Parola, P.(2004). Tick-borne rickettsial diseases: Emerging risks in Europe. Comp. Immunol.
Microbiol. Infect. Dis., 27, 297-304. [CrossRef] [PubMed]

Parola, P., Socolovschi, C., Jeanjean, L., Bitam, I., Fournier, P.E., Sotto, A., Labauge, P.,
Raoult, D., (2008). Warmer weather linked to tick attack and emergence of severe
rickettsioses. PLoS Neglected Trop. Dis. 2, e338.

Patz, J.A, Daszak P, Tabor G.M, Alonso Aguime A, Pearl M, Epstein J, Wolfe N.D,
Kilpatrick A.M, Molyneux D, and Bradley D.J. (2004). Unhealthy landscape:
policy recommendation, change and infectious disease emergence. Environmental
Health Perspectives, 112 (10)

Pavlin BI, Schloegel LM, Daszak P (2009). Risk of importing zoonotic diseases through
wildlife trade, United States. Emerg Infect Dis 15:1721,

Pazinato R., Klauck V., Grosskopf R.K., Rosa L.D, Andréia Volpatol, Baretta D, Stefani
L.M, Da Silva A.S. (2014). Antiparasitic Resistance of Different Populations of
ticks (Rhipicephalus microplus) in the Western of Santa Catarina State, Brazil.
Acta Scientiae Veterinariae, 42: 1206.

Plowright, W., Parker, J. & Peirce, M. A. (1969). African swine fever virus in ticks
{Ornithodoros moubata Murray) collected from animal burrows in Tanzania.

Nature 221, 1071-1073. (doi: 1 0.1 038/22 11 07 la)

76



Pulscher L.A, Moore T.C, Caddell L, Sukhbaatar L, Von Fricken M.E, Anderson B.D,
Gonchigoo B, Gray G.C (2018) A cross-sectional study of small mammals for tick-
borne pathogen infection in northern Mongolia, Infection Ecology &
Epidemiology, 8:1, 1450591, DOI: 10.1080/20008686.2018.1450591

Rabinowitz PM, Gordon Z, Odofin L. (2007). Pet-related infections. Am Fam Physician.
76(9):1314-22. PMID: 18019874.

Raharivololona B.M, Ganzhorn J.U. (2007). Gastrointestinal Parasites of Small Mammals in
the Littoral Forest of Mandena. Biodiversity, Ecology and Conservation of Littoral
Ecosystems in Southeastern Madagascar, Tolagnaro

Ravera I, Altet L, Francino O, Sanchez A, Roldan W, Villanueva S, Bardagi M, Ferrer L.
(2013). Small Demodex populations colonize most parts of the skin of healthy
dogs. Vet Dermatol. 24:168-172.

Reeves W.K, Loftis A.D, Gore J.A, Dasch G.A (2005). Molecular evidence for novel
bartonella species in Trichobius major (Diptera: Streblidae) and Cimex adjunctus
(Hemiptera: Cimicidae) from two southeastern bat caves, U.S.A. J Vector Ecol
30(2):339-341

Reeves W.K, Nelder M.P, Cobb K.D, Dasch G.A (2006) Bartonella spp. in deer keds,
Lipoptena mazamae (Diptera: Hippoboscidae), from Georgia and South Carolina,
USA. J Wildl Dis 42 (2):391-396

Reeves W.K, Loftis A.D, Szumlas D.E, Abbassy M.M, Helmy I.M, Hanafi H.A, Dasch G.A
(2007). Rickettsial pathogens in the tropical rat mite Ornithonyssus bacoti (Acari:
Macronyssidae) from Egyptian rats (Rattus spp.). Exp Appl Acarol 41(1-2):101—

107

77



Ribas A, L'opez S, Makundi R.H, Leirs H, Go™ uy de Bellocq J. (2013). Trichuris spp.
(Nematoda: Trichuridae) from Two Rodents, Mastomys natalensis and Gerbilliscus
vicinus in Tanzania. J. Parasitol., 99(5), pp. 868-875

Ridley, J.W (2012). Parasitology for Medical and Clinical Laboratory Professionals. Delmar,
Cengage Learning.

Ritter B, Coombs R.F, Drysdale R.B (1996). Biology. Nelson Canada. Pp 361-368.

Rynkiewicz, E.C.; Hemmerich, C.; Rusch, D.B.; Fuqua, C.; Clay, K. (2015). Concordance of
bacterial communities of two tick species and blood of their shared rodent host.
Mol. Ecol. , 24, 2566-2579. [CrossRef]

Sanchez-Botija, A. (1963). Reservorios del virus de la peste porcina Africana. Investigacion
del virus la P. P. A en los artropodos mediante la prueba de la hemoadsorcion.
Bull. Off. Int. Epizoot. 60, 895-899.

Sastry A. S, Bhat S.K (2014). Essentials of Medical Parasitology. Jaypee Brothers Medical
Publishers. Pp 293-313

Schraer W.D, Stoltze H.J, (1999). Biology: The study of Life. 7" ed. Prentice-Hall,Inc.
pp.766-778

Schwan T.G, Anderson J.M, Lopez J.E, Fischer R.J, Raffel S.J, McCoy B.N, Safronetz D,
Sogoba N, Ma"1ga O, Traore S.F, (2012). Endemic foci of the tick-borne relapsing
fever spirochete Borrelia crocidurae in Mali, West Africa, and the potential for
human infection. PLoS Negl Trop Dis 6: e1924.

Schwan T.G, Lopez J.E, Safronetz D., Anderson J.M, Fischer R.J, Maiga O, Sogoba N.
(2016). Fleas and trypanosomes of peridomestic small mammals in sub-Saharan
Mali. Parasites & Vectors. 9:541 DOI 10.1186/s13071-016-1818-5

Schmidt, G.D, Roberts L.S (2009). Foundations of parasitology. McGraw-Hill. NY. USA.

78



Sharma D, Joshi S, Vatsya S, Yadav CL. (2013). Prevalence of gastrointestinal helminth
infections in rodents of Tarai region of Uttarakhand. J Parasit Dis; 37(2): 181-4.

Sikora, B.; Mahamoud-Issa, M.; Unsoeld, M.; Hromada, M.; Skoracki, M. (2023). Species
Composition of Parasitic Mites of the Subfamily Picobiinae (Acariformes:
Syringophilidae) Associated with African Barbets (Piciformes: Lybiidae). Animals,
13, 2007. https://doi.org/10.3390/ ani13122007

Singla L.D, Singla N, Parshad V.R, Juyall P.D, Sood N.K. (2008). Rodents as reservoirs of
parasites in India. Integrative zoology 2008; 3: 21-26 doi: 10.1111/j.1749-
4877.2008. 00071.x

Skoracki, M. (2016). New data on the species Metacheyletia degenerata Fain and Bochkov
(Acariformes: Cheyletidae). Ann. Parasitol., 62, 349-350.

Skoracki, M.; Fajfer, M.; Hromada, M.; Husek, J.; Sikora, B. (2023). Tinamiphilopsis
temmincki sp. n., a New Quill Mite Species from Tataupa Tinamou, and the Early
History of Syringophilid Mites. Animals, 13, 2728. https://doi.org/10.3390/
anil3172728

Smith G, Manzano-Marin A, Reyes-Prieto M, Catia Sofia Ribeiro Antunes CSR, Ashworth
V, Goselle O.N, Jan A/A.A, Moya A, Latorre A, Perotti M.A, Braig H.R (2013).
Human Follicular Mites: Ectoparasites Becoming Symbionts. Mol. Biol. Evol.
39(6): msac125 https://doi.org/10.1093/molbev/msac125

Sojka D, Franta Z, Horn M, Caffrey CR, Mares M, et al. (2013) New insights into the
machinery of blood digestion by ticks. Trends Parasitol 29: 276-285.

Starr C, Taggart R, Evers C, Starr L. (2009). Biology: The Unity and Diversity of Life. 12"
edition. Brooks/Cole. Cengage Learning.

Stephenson E.H, Larson E.W, Dominik JW (1984) Effect of environmental factors on

aerosol-induced Lassa virus infection. J Med Virol 14: 295-303.

79



Stromberg B.E, Gasbarre L.C. (2006). Gastrointestinal nematode control programs with an
emphasis on cattle. Vet Clin North Am Food Anim Pract; 22(3):543-65.

Smyth, J.D. (1994). Animal parasitology. Cambridge University press, 3" Ed

Sundsfjord A, Sunde M. (2008). Antibiotika til dyr og resistens hos baketerier fra dyr--
betydning for menneskers helse [Antimicrobial resistance after antibiotic use in
animals--impact on human health]. Tidsskr Nor Laegeforen. 128(21):2457-61.

norway. PMID: 19096469.

Tabor, A.E., Ali, A., Rehman, G., Rocha Garcia, G., Zangirolamo, A.F., Malardo, T.,
Jonsson, N.N., (2017). Cattle tick Rhipicephalus microplus-host interface: a review

of resistant and susceptible host responses. Front. Cell. Infect. Microbiol. 7, 506.

Tahir D, Meyer L, Fourie J, Jongejan F, Mather T, Choumet V, Blagburn B,. Straubinger
R.K., Marie Varloud (2020). Interrupted Blood Feeding in Ticks: Causes and

Consequences. Microorganisms 8, 910; doi:10.3390/microorganisms8060910

Taylor M.A, Coop R.L, Wall R.L (2016). Verterinary Parasiltogy. John Wiley & Sons, Ltd,

4™ edition

Ter Meulen J, Lukashevich I, Sidibe K, Inapogui A, Marx M, (1996) Hunting of peridomestic
rodents and consumption of their meat as possible risk factors for rodent-to-human
transmission of Lassa virus in the Republic of Guinea. Am J Trop Med Hyg 55:
661-666.

Towie A, (1991). Modern Biology. Holt, Rinehart & Winston, Inc. pp.602-617

Trape J.F, (2013). The epidemiology and geographic distribution of relapsing fever
borreliosis in West and North Africa, with a review of the Ornithodoros erraticus

complex (Acari: Ixodida). PLoS One 11: e78473.

80



Truc P, Buscher P, Cuny G, Gonzatti Ml, Jannin J, Joshi P, et al. Atypical human infections

by animal trypanosomes. PLoS Negl Trop Dis.n2013;7(9):e2256.

Tsai YL, Chuang ST, Chang CC, Kass PH, Chomel BB (2010). Bartonella species in small
mammals and their ectoparasites in Taiwan. Am J Trop Med Hyg 83(4):917-923

Van der Straeten E, Decher J, Corti M, Abdel-Rahman EH (2008). Lemniscomys striatus.
Cambridge: The IUCN Red list of threatened species; Available from:

http://www.iucnredlist.org/details/11495/0 [Accessed on 30th September, 2016]

Vargas-Sandoval M, Priego-Santander A.G, Larrazabal A, Sosa-Gutiérrez C.G, Lara-Chéavez
B, Avila-Val T. (2014). Potential Species Distribution and Richness of Ixodidae
Ticks Associated with Wild Vertebrates from Michoacan, Mexico. Journal of
Geographic Information System: 6, 467-477

Verocai, G.G, Chaudhry, U.N, Lejeune, M. (2020). Diagnostic Methods for Detecting

Internal Parasites of Livestock. Vet Clin Food Anim 36 125-143

Vial L, Diatta G, Tall A, Ba EH, Bouganali H, Durand P, Sokhna C, Rogier C, Renaud F,
Trape JF, 2006. Incidence of tick-borne relapsing fever in West Africa:

longitudinal study. Lancet 368: 37—43.

Wakelin D. (1996). Immunology and genetics of zoonotic infections involving parasites.
Comp Immunol Microbiol Infect Dis. 19:255- 65.

Waugh, C.A., Lindo, J.F., Foronda, P., Angeles-Santana, M., Lorenzo-Morales, J., Robinson,
R.D., (2006). Population distribution and zoonotic potential of gastrointestinal
helminths of wild rats rattus rattus and r. norvegicus from Jamaica. J. Parasitol. 92
(5), 1014-1018.

Wielinga P.R, Schlundt J. (2014) One Health and Food Safety

81


http://www.iucnredlist.org/details/11495/0

Wikel, S.K., 2018. Ticks and tick-borne infections: complex ecology, agents, and host
interactions. Vet. Sci. 5, 60

Win S. Y, Win M, Thwin E.Y, Htun L.L, Hmoon MM, Chel H.M, Thaw YN, Soe N.C, Phyo
T.T, Thein S.S, Yadanar Khaing Y, Than AA, Bawm S. (2020). Occurrence of
Gastrointestinal Parasites in Small Ruminants in the Central Part of Myanmar.
Journal of Parasitology Research  Volume. Article ID 8826327,
https://doi.org/10.1155/2020/8826327

Winoto, I. L., Goethert H, lbrahim I.N, Yuniherlina I, Stoops C, Susanti I, Kania W, Maguire
J.D, Bangs M.J, Telford S.R, Wongsrichanalai C. (2005). Bartonella species in
rodents and shrews in the greater Jakarta area. Southeast Asian J. Trop. Med.
Public Health 36:1523- 1529. 37.

Wolfe, A., Wright, I.P., (2004). Parasitic nematode eggs in fur samples from dogs. Vet Rec.
154, 408.

Woodhouse, M.E., Taylor L.H, Hayden D.T. 2001. Population biology of multihost
pathogens. Sci. 292: 1109-1112.

World Health Organization (2012). Managing zoonotic public health risks at the human—

animal-ecosystem interface. Available at: www.who.int/zoonoses/en/ [Accessed

22 October 2013].

Yin J, Heng X.C, Luo Y, Zhao Q, Wei Z, Xu D, Wang M, Zhou Y, Wang X, Liu Z. (2020).
The relationship between fleas and small mammals in households of the Western
Yunnan Province, China. Scientific Reports10:16705 |
https://doi.org/10.1038/s41598-020-73690-0

Yoshii K (2019). Epidemiology and pathological mechanisms of tick-borne encephalitis. J.

Vet. Med. Sci.81(3): 343-347, doi: 10.1292/jvms.18-0373

82


http://www.who.int/zoonoses/en/

University of Ghana http://ugspace.ug.edu.gh

Youssef Al, Uga S. (2014). Review of parasitic zoonoses in Egypt. Trop Med Health. 42: 3-
14.

Zeibig, E (2013).Clinical Parasitology: A Practical Approach. Elsevier Inc.

Zhao Y.E, Xu J.R, Hu L, Wu L.P, Wang Z.H. (2012). Complete sequence analysis of 18S
rDNA based on genomic DNA extraction from individual Demodex mites (Acari:

Demodicidae). Exp Parasitol. 131(1):45-51 http://ijpa.tums.ac.ir

83



University of Ghana http://ugspace.ug.edu.gh

LIST OF APPENDICES

APPENDIX |

Equipments and reagents

> Cotton wool

> Blood lancet

> Slide rack

» Microscope sl
» Light microsc icroscope)
» Grease pencil
» Disposal glove
» 10% formalin

» Methanol

> Ethanol
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APPENDIX II

PREPARATION OF REAGENTS
Physiological saline
8.5¢g of saline was dissolved in a liter of distilled water.
Zinc Sulphate solution

3869 of ZnSO4 was dissolved in a liter of distilled water and warmed to make dissolution

faster.
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APPENDIX IlI

Grassland in the UG main campus

Oneway Analysis of Ascaris sp By SEX

Kruskal-Wallis Test, ChiSquare Approximation

3.6909 1 0.0547

Oneway Analysis of

Kruskal-Wallis Test,

16.1023 1 <.

Oneway Analysis of

Kruskal-Wallis Test, (

3.3685 1

~— 1 INTEGR] PROCEDAMUS |
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Muni-Pomadze ramsar site

Oneway Analysis of Ascaris sp By Sex

ChiSquare Approximation

ChiSquare DF Prob>ChiSq
0.1095 1 0.7407

Oneway Analysis of Strongyloides sp By Sex

ChiSquare Approximation

ChiSquare DF Prob>ChiSq
0.9660 1 0.3257

Oneway Analysis of Balantidium By Sex

ChiSquare Approximation

ChiSquare DF Prob>ChiSq
0.9660 1 0.3257

Oneway Analysis of Fasciola sp By Sex

ChiSquare Approximation

ChiSquare DF Prob>ChiSq
1.3103 1 0.2523

Oneway Analysis of Hymenolepis sp By Sex

ChiSquare Approximation

ChiSquare DF Prob>ChiSq
42236 1 0.0399*

Oneway Analysis of Hookworm By Sex

ChiSquare Approximation

ChiSquare DF Prob>ChiSq
3.4643 1 0.0627

Oneway Analysis of Trichuris sp By Sex
ChiSquare Approximation

ChiSquare DF Prob>ChiSq
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- Chisquare  DF  Prob>Chisq

4.6624 1 0.0308*
Oneway Analysis of Dicrocoelium sp By Sex

ChiSquare Approximation

4.1628 1 0.0413*
Oneway Analysis of Enterobius sp By Sex

ChiSquare Approximation

0.9804 1
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