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General introduction

1. Introduction

Hemoprotozoan parasites, which include different species of Theileria, Babesia

and Trypanosoma, often present a challenge to successful livestock farming

(Sivakumar et al., 2012,). Endemic parasites are a major source of economic loss in

animal husbandry, especially in tropical areas and developing countries, but the

extent of those losses has yet to be accurately specified, and knowledge about the

economics of treatment of these diseases is inadequate, mostly because the

damage functions, and in addition, the response functions to treatment are

imperfectly known (Tisdell et al., 1999). Economic impacts of parasites of livestock

may be divided into two groups - direct and indirect impacts. Direct impacts are

those attributable purely to the presence of the parasite, e.g. reduced economic

productivity of the livestock or economic loss due to mortality. Indirect impacts occur

because some parasites, such as ticks, are also disease vectors, and the vector-

borne diseases (VBDSs), if transmitted to a livestock host, often result in much greater

economic loss than the presence of the parasite. Furthermore, by weakening the

host the presence of a parasite may make the animal much more susceptible to



infection and adverse impact from other diseases, or to environmental stresses such

as food deficits (McCauley et al., 1984).

The relative significance of most VBDs in livestock is extremely difficult to

guantify, because in most countries there is no formal reporting, poor diagnosis, and

no surveillance or collated assessment of prevalence or economic impact. Even in

highly regulated regions, such as Northern Europe, accurate statistics are elusive.

However, certain VBDs do have a particularly significant impact on food production;

for example; babesiosis, spread by ticks, is responsible for serious losses in cattle

production in Latin America, Australia and Asia; it is also locally important in parts of

Europe. The importance of babesiosis was such that an extensive control program

was implemented in the United States to eradicate the tick vectors. This remains one

of the very few examples of successful, sustained, area-wide vector eradication. It

was successful because an area-wide approach was adopted using a variety of

management tools with strict centralized coordination, underpinned by the budget of

a developed nation. East Coast fever (ECF) is a particularly important tick-borne

disease of cattle in Africa. In sub-Saharan Africa, trypanosomosis affects food

production (IFAH report, 2014).



2. Trypanosomosis

Trypanosomes found in domestic animals are blood and sometimes tissue

parasites of the order Kinetoplasitida, family Trypanosomatidae, and genus

Trypanosoma. Animal trypanosomoses are nowadays a permanent constraint for

livestock in Africa, Asia, and Latin America, but their geographical distribution is still

evolving (Desquesnes et al., 2013). They are grouped into 2 sections: Stercoraria

which develops in the insect’s posterior digestive tract, for example T. cruzi , that is

responsible for transmission of Chagas disease in humans affecting 15 million and

threatening 100 million people in Latin America (Coura and Pereira, 2010) and

Salivaria which develops in the anterior part of the insect’s digestive tract, such as

the main African livestock pathogenic trypanosomes, including the agents of

sleeping sickness, a major human disease affecting around half a million people and

threatening 60 million people in Africa (Rogers, 2009). African livestock

trypanosomes are threatening 48 million cattle in an area of 10 million square

kilometers in 37 African countries; they cause disease syndromes responsible for

major production losses including death in the absence of treatment (Desquesnes et

al., 2013).



2. 1. Transmission and lifecycle

The main pathogenic animal trypanosomes belong to three subgenera of the

salivarian section, namely, Nannomonas (T. congolense), Duttonella (T. vivax), and

Trypanozoon (T. brucei group). These parasites are mostly cyclically transmitted by

the tsetse fly (Glossina spp.) in which procyclic forms undergo a cycle of

transmissions and multiplications leading to infective metacyclic forms which may be

inoculated by the tsetsefly with its saliva into a new host (Horare, 1972) (Figure. 1).

This biological association restricts the trypanosomes’ geographical distribution to

that of the vector which is sub-Saharan Africa. However, in some instances, the

geographical distribution of trypanosomes does not fit that of the tsetse flies, this is

mainly due to other means of transmission. Direct vertical, oral, sexual and

iatrogenic transmission may have an occasional impact, but the most important

alternative way is mechanical transmission by biting flies (Desquesnes et al., 2013).

This mechanical transmission does not involve a specific biological relationship

between the parasite and the vector; rather the pathogens are simply sampled from

one host, transported to another and inoculated together with the saliva of the biting

insect, prior to the absorption of blood (Foil, 1989). This has therefore led to some

African trypanosome species spreading not only outside the African tsetse belts, but

also outside the continent (Horare, 1972). In the sub genus Duttonella, T. vivax is
4



mechanically transmitted by tabanids and Stomoxys, in both Africa (Desquesnes and

Dia, 2003; Desquesnes and Dia, 2004) and Latin America (Jones and Davila, 2001;

Desquesnes, 2004). Although T. congolense was suspected early to be

mechanically transmitted, the relatively low parasitemia recorded in its main host

(cattle) does not favor mechanical transmission which results in rare epidemiological

evidence for such transmission in the field (Desquesnes and Dia, 2003). In the sub

genus Trypanozoon, mechanical transmission of T. brucei was described through

contamination by sucking flies and through serial biting action by biting insects

especially Stomoxys (Mihok et al., 1995). T. evansi, in the same sub genus can no

longer undergo its cycle in tsetse flies, thus its main transmission is through biting

insects. For this reason, T. evansi spread outside the tsetse belts in Africa, towards

the Middle East and Southern Asia and was exported to Latin America (Desquesnes

et al., 2013).

T. evansi is thought to be derived from T. b. brucei (which is cyclically

transmitted by tsetse flies), but it is no longer able to undergo its cycle in the tsetse

fly due to the loss of maxicircles of kinetoplastic mitochondrial DNA which is required

to undergo the procyclic form in tsetse flies (Lai et al., 2008) losing in consequence

its ability to perform oxidative phosphorylation (Schnaufer et al., 2002) and thus

“trapped” in its blood stream form. It is not known when this occurred, but it was even
5



suggested that it might have occurred in several instances (Lun and Desser, 1995;

Lai et al., 2008). T. evansi also possesses single predominant minicircle sequence

class (Li et al., 2006). A complete loss of the kinetoplastic DNA might even be

possible and lead to akinetoplastic or diskinetoplastic T. evansi, which are observed

in field stocks, but the use of some trypanocidal drugs may also enhance or induce

diskinetoplastic forms (Chitambo et al., 1992; Schnaufar et al., 2002).

T. equiperdum is also thought to be derived from T. brucei by an alteration of

maxicircle kinetoplastic DNA sequences (Li et al., 2006). T. equiperdum is a tissue

parasite and is directly transmitted from equine to equine through coitus. The

trypanosomes which are present in the seminal fluid and mucous membranes of the

genitalia of the infected donor animal are transferred to the recipient animal (Wang,

1988). Trypanosomes are rarely observed in the blood stream of the host because

they are normally localized in the capillaries of the mucous membranes of the

urogenital tract. However, a few trypanosomes occasionally appear in the peripheral

blood of animals with chronic infections. This could provide opportunity for blood

sucking insects to mechanically transmit this parasite, although this is considered to

be very rare (Brun et al., 1998). The fact that foals have been found to be infected

with T. equiperdum may indicate that this parasite can also be directly transmitted

through milk or from udder lesions (Brun et al., 1998). Distinction and even existence
6



of this parasite was always questioned since genetic differentiation is almost

impossible, especially due to the absence of satisfying reference strains (Zablotskij

et al., 2003; Claes et al., 2005); however, recently true T. equiperdum strain, IVM-t1

was isolated from the urethral mucosa of a dourine infected horse in Mongolia and

successfully cultured (Suganuma et al., 2016) and also the distinction is still very

clear when looking at the minicircle complexity, which is very high in T. brucei and

scarce if any in T. equiperdum and T. evansi. This diversity is most likely linked to

sexual recombination, which can only occur in Glossina (Gibson and Stevens, 1999).

Trypanosomes infect domestic and wild animals in Africa to cause Nagana in

the tsetse belt. Wild life plays a major role as a reservoir for animal African

trypanosomosis (AAT) because of its high tolerance to the various species of

trypanosomes (Stevens et al.,, 1999; Taylor and Authie, 2004). However, Surra

occurs in all countries where camels are present, from Senegal to Kenya, above the

tsetse belt; it is found not only in Mauritania, Morocco, Algeria, Tunisia, Libya, Egypt,

Sudan, Eritrea and Ethiopia but also in the northern parts of Mali, Burkina Faso,

Niger, Nigeria, Chad, Somalia and Kenya (Desquesnes et al., 2013). In Africa, Surra

is found under the Arabic name Debab (El debab in Algeria) which means fly, and

also Mbori in Sudan, Guifar or Dioufar in Chad, Menchaca (which means emaciated

despite sufficient food provision) in Touareg populations of Agadez area, Niger,
7



Yudleye or Yudle, which refers to an emaciated camel moving aimlessly or jolting

forward, or even Dukhan or Salaf (or salef) in Somali or Tahaga and Su-auru

(Atarhouch et al., 2003; Antoine-Moussiaux et al., 2007).

In Asia, trypanosomes in domestic animals mainly cause surra and dourine. T.

evansi and T. equiperdum are continuously present eastwards, in the Arabian

peninsula, including Jordan, Israel, Lebanon, Syria, Iraq and Turkey, it is present

from Iran to Kazakhstan as well as in Afghanistan and Pakistan (Hassan et al., 2006;

Wernery et al., 2001; Desquesnes et al., 2013). It is also present in India, China,

Mongolia, Russia, Bhutan, Nepal, Myanmar, Laos, Vietham, Cambodia, Thailand,

Malaysia, Philippines, and Indonesia (Luckins, 1988; Reid, 2002).

2. 2. Pathogenesis and disease syndromes

Trypanosomes cause 3 major disease syndromes in domestic and wild

animals; Nagana, a syndrome of AAT is tsetse fly transmitted and the most complex

of all because of the number of trypanosome species involved but the main

causative agents are T. b. brucei (sub-genus Trypanozoon), T. congolense (sub-

genus Nannomonas) and T. vivax (sub-genus Duttonella) (Taylor and Authie, 2004).

Nagana was first reported in Zululand by David Bruce in 1899 (Vickerman, 1997).
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Domestic animals show a variety of pathogenic syndromes of Nagana ranging from

acute to chronic depending on several factors such as animal species, breed, sex

and age (Taylor and Authie, 2004; Simukoko et al., 2007,p; Courtin et al., 2008).

Generally, infected animals show rather similar clinical symptoms including anorexia,

lymph node enlargement, splenomegaly, anemia and death but the details especially

the severity levels of the disease tend to be different. For example T. congolense

infections in cattle are more severe than in horses whereas T. b. brucei infections

though severely pathogenic in horses are mild in cattle (Taylor and Authie, 2004).

Although Nagana is caused by many trypanosome species, T. congolense and T.

vivax are the most detected in infected samples (Mugittu et al., 2001; Mahama et al.,

2004; Thumbi et al., 2010).

Another syndrome is known as Surra and is caused by T. evansi. The word

“Surra” comes from Hindi and means “rotten”, which refers to the state of the animal

after chronic evolution of the disease (Desquesnes et al., 2013). T. evansi is the first

mammalian trypanosome to be described in the World, in 1880 by Griffith Evans, in

the blood of Indian equines and dromedaries. Its principal host is originally the camel

but it is present in other domestic animals as well as in a large range of other hosts

(Desquesnes et al.,, 2013). T. evansi is pathogenic to many domestic and wild

animals but its pathogenicity varies according to the virulence of the strain, the host
9



species, unspecific factors affecting the animal such as other infections and general

stress, and the local epizootiological conditions (Desquesnes et al, 2013). The

clinical signs of Surra in most domestic and wild animals are characterized by fever,

and anemia, followed by emaciation, edema, cachexia and enlargement of lymph

nodes and spleen. Neurological symptoms occur late in the disease. Abortion may

occur in late pregnancy. Acutely infected animals may die within weeks or months

but chronic infections may continue for several years (Brun et al., 1998).

Dourine is the third syndrome and is caused by T. equiperdum. The clinical

symptoms of dourine vary in their presentation. The earliest signs usually consist of

swellings and local edema of the genital organs. Later, major clinical manifestations

such as fever, anemia, neurological symptoms and abortion are observed especially

in the late stages of the infection (Stephen, 1986). Plaques on the skin are

characteristic of Dourine (Brun et al., 1998).

10



2. 3. Diagnosis and treatment

Diagnosis of trypanosomosis is through observation of clinical signs and

confirmation through the laboratory. Parasite detection is the gold standard and it is

a highly specific method. Parasite detection involves observation of the parasites

through microscopy by preparation of wet or thick blood smears and buffy coat; this

techniqgue can be used to identify the morphological characteristics of the

Trypanosoma species (Kronenberger and Miezan, 1988). Another parasite detection

method is through molecular detection of the parasite by DNA amplification.

Polymerase chain reaction (PCR) is a DNA amplification method that is very specific

and sensitive that has changed the whole picture of diagnostics making it more

reliable (Desquesnes et al., 2001). Its limitation is that PCR requires a thermal cycler

to generate alternate temperatures for amplifying the target DNA sequence and

therefore it is not a very useful method for field diagnosis, but it is very important for

epidemiological studies (Aboulaila et al., 2010). Loop-mediated isothermal

amplification (LAMP) is a novel DNA based identification technique that is based on

a constant temperature; it has rapidity and high specificity (Notomi et al., 2000).

LAMP has been applied in the diagnosis of trypanosomosis (Thekisoe et al., 2007;

Thekisoe et al., 2010). Unlike PCR, LAMP does not require a thermal cycler but

simple equipment such as a water bath.
11



Other laboratory diagnostic methods include; serological and antibody

detection methods like ELISA (enzyme-linked immunosorbent assay) and card

agglutination test for trypanosomes (CATT) (Olaho-Mukani et al., 1994; Nantulya,

1988; Buscher et al., 1999). Another test that has been recently developed is the

TeGM6-4r based immunochromatographic test (ICT) for animal trypanosomosis.

This test can detect the Asian as well as the AAT trypanosomes (Nguyen et al.,

2015). It is a useful pen-side test for the local veterinarians’ decision making in field

conditions.

In most of sub-Saharan Africa, bovine trypanosomiasis continues to be

controlled primarily by trypanocides. Only three compounds; isometamidium chloride,

homidium (bromide and chloride) and diminazine aceturate, are available and have

been used for over 40 years (Leach and Roberts, 1981).Isometamidium is principally

used as a prophylactic drug and can provide up to six months’ protection against

tsetse challenge. Whilst homidium has limited prophylactic properties, it is primarily

used as a therapeutic agent. Diminazine has only therapeutic properties (Holmes et

al., 2004).

12



For the treatment of Surra and Dourine; suramin and quinapyramine are also

used alongside diminazine and more recently cymelarsan was developed and

proved effective (Brun et al., 1998).

3. Piroplasmosis

Piroplasmosis in domestic animals is mainly caused by Babesia and Theileria

species. These main agents of animal piroplasmosis are vectored by ticks thus

making tick borne diseases a major cause of concern to livestock producers. Tick-

borne protozoan diseases (e.g., theileriosis and babesiosis) pose important

problems for the health and management of domestic cattle in the tropics and

subtropics (Jongejan and Uielenberg, 2004). The most widespread and malignant

Theileria species is Th. annulata, causing tropical theileriosis, which occurs around

the Mediterranean basin, in the Middle East, and in Southern Asia. The other

malignant Theileria species is Th. parva, which occurs in East and Southern Africa

and causes ECF. Bovine babesiosis is caused by B. bovis and B. bigemina, both of

which occur worldwide in tropical and subtropical regions. B. divergens occurs in

cattle in Europe and extends into North Africa (Bouattour and Darghouth, 1996). In

addition, benign forms of theileriosis are caused by Th. mutans, Th. velifera, and Th.

13



taurotragi, which are mainly located in Africa, whereas parasites of the Th.sergenti-
buffeli-orientalis group, referred to below as the Th. orientalis group, occur worldwide

(Uilenberg, 2006).

3. 1. Transmission and lifecycle

Piroplasmosis is transmitted by ticks to the mammalian host but the infection
establishment differs across the two genera (Duh et al., 2008). During the tick bite,
sporozoites are injected into the host and directly infect the red blood cells in
babesiosis whereas during theileriosis, the sporozoites do not readily infect the red
blood cells but initially penetrate a lymphocyte or macrophage in which development
of schizonts take place (Uilenberg, 2006). Theileria species infect a wide range of
domestic and wild animals and are transmitted by ixodid ticks of the genera
Amblyoma, Haemaphysalis, Hyalomma and Rhipicephalus. Most of these ticks are
known for the large economic losses they cause to the agriculture industry due to
disease outbreaks, mortalities, damage to hides and poor production in domestic
animals (Bishop et al., 2004). The genus Theileria is distinguished by infection of
leukocytes by sporozoites, maturation of schizonts into merozoites and subsequent

infection of red blood cells to form piroplasms (Uielenberg, 2006). The life cycle of

14



Theileria includes secretion of infective sporozoites during tick feeding into the

feeding site. Sporozoites then infect leukocytes and multiply by merogony, after

which the merozoites are released, which invade the red blood cells thereby

establishing the piroplasm stage (McKeever, 2009). During the next feeding cycle,

larval or nymphal vector ticks ingest the piroplasms and the released parasites

undergo syngamy in the tick gut, forming a zygote, the only diploid stage. The zygote

divides into motile kinetes that infect the tick gut epithelial cells and migrate to the

hemolymph and subsequently infect the salivary glands (McKeever, 2009). After

moulting and commencement of feeding by the tick, sporogony results in the

multiplication of sporozoites in the salivary gland acini before injection into the

feeding site by nymphs or adult ticks (McKeever, 2009). The Theileria parasites can

be classified into schizont “transforming” and “non-transforming” species. The non-

transforming species are generally regarded as benign but still are able to cause

disease as a result of anemia induced by the piroplasm stage (Sivakumar et al.,

2014) (Figure. 3).

Babesia is vectored by ixodid ticks of mainly Ixodes, Haemaphysalis,

Boophilus, Rhipicephalus and Dermacentor genera. During the life cycle of Babesia,

sporozoites are injected into the host and directly infect the red blood cells. In the

host, Babesia sporozoites develop into piroplasms inside infected erythrocytes
15



resulting into two sometimes four daughter cells that leave the host cells to infect
other erythrocytes until the host dies or the host's immunity clears the parasites
(Hunfield et al., 2008). The feeding tick ingests parasitized erythrocytes, inside the
tick; Babesia zygotes multiply as “vermicules” which invade many of the tick’s organs
including the ovaries; Babesia species are readily passed to the next generation of
ticks in the egg. Theileria parasites are only transmitted transstadially whereas
Babesia species can be passed transovarially through several generations, although
this varies with the species of Babesia and the tick species (Hunfield et al., 2008)

(Figure. 2).

3. 2. Pathogenesis and disease syndromes

Piroplasmosis affects many domestic and wild animals but the most important
disease syndromes are equine and bovine piroplasmosis. Equine piroplasmosis (EP)
caused by B. caballi and Th. equi is considered an economically significant tick
borne disease in horses. This disease is widely distributed in the world including
most of the tropical and subtropical areas (Munkhjagal et al., 2013). Economic
losses associated with EP are significant and include the cost of treatment,

especially in acutely infected horses, abortions, loss of performance, death, and

16



restrictions in meeting international requirements related to exportation or

participation in equestrian sporting events (Kerber et al., 1999). B. caballi and Th.

equi share many of the same tick vectors, are usually present in the same

geographic regions, and frequently co-infect horses. B. caballi and Th. equi are

transmitted by more than 15 species of the tick genera Dermacentor, Hyalomma,

and Rhipicephalus (Friedhoff et al., 1990; Stiller et al., 2002). Once infected with Th.

equi, horses remain carriers for life, regardless of whether clinical signs resolve

naturally or with drug treatment (Rothschild, 2013). Infection with B. caballi has been

said to be self-limiting, lasting up to 4 years after infection. However, many horses

that recover from B. caballi infection later relapse suggesting a temporary state in

which organisms cannot be detected despite possible lifelong infection (Rothschild,

2013). Carrier horses represent a potential reservoir for maintaining and

disseminating of parasites to ticks and horses. No evidence exists of transmission of

EP by hematophagous dipterans such as tabanids (horse flies) or Stomoxys

calcitrans (stable fly) (Rothschild, 2013). Chronically infected pregnant mares are at

a risk of transplacental transmission, resulting in abortion, stillbirths, or birth of a sick

foal that typically succumbs to the disease. Th. equi is most frequently involved in

these transplacental transmission cases (De Waal, 1992; Lewis et al., 1999; Phipps

and Otter, 2004). Transmission of parasites in semen has not been documented;

17



however, this may be possible if blood contamination of semen occurs (Metcalf,

2001). Few countries in the world are free from autochthonous infections with EP it is

considered that only 10% of horses globally inhabit regions that are free of EP. Many

areas currently free of EP are climatically suitable for appropriate tick vectors or

already possess competent tick vectors (De Waal, 1992). The worldwide prevalence

of EP is consistent with the worldwide distribution of its competent vectors

(Rothschild, 2013). Because Th. equi and B. caballi share the same vectors in a

given region, they are closely associated and endemic in tropical and sub-tropical

climates. In most regions however, infections with Th. equi are more common than B.

caballi (De Waal, 1992; Bruning, 1996). Outbreaks of overt clinical disease are

uncommon in endemic areas, with the exception of India, despite the endemic status

of implicated parasites (Kumar et al., 2003). In Africa, Morocco, Republic of South

Africa, Madagascar and all other parts of the African continent are considered

endemic for Th. equi and B. caballi (Zweygarth et al., 1997; De Waal et al., 1988;

Rhalem et al., 2001). Th. equi and B. caballi are wide spread in the horse

populations in Mongolia, China, and many parts of Asia (Avarzed et al., 1997,

Battsetseg et al., 2002, ; Boldbaatar et al., 2005). High infection rates are similarly

reported in Korea (Friedhoff and Soule, 1996). High infection rates have also been
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reported in the Middle East where Th. equi is said to have a higher sero-prevalence

(Short et al., 2012).

Incubation period of equine piroplasmosis associated with Th. equi is 12 to 19

days and approximately 10 to 30 days when caused by B. caballi. Th. equi tends to

cause more severe disease than B. caballi (Rothschild, 2013). Equine piroplasmosis

usually presents in acute, sub-acute or chronic forms. The peracute form is rare with

only clinical observation being moribund and dead horses (Rothschild, 2013). The

acute form is the most common and is characterized by fever exceeding 40°C

reduced appetite and malaise, elevated respiratory and pulse rates, congestion of

mucous membranes, production of dark red urine, fecal balls that are smaller and

drier than normal. Affected animals appear unthrifty; anemic and/or icteric

(Rothschild, 2013). The sub-acute form is similar to the acute form but maybe

accompanied by weight loss and intermittent fever, mucous membranes vary from

pale pink to pink, or pale yellow to bright yellow; petechiae and/or ecchymoses may

also be visible on the mucous membranes (Rothschild, 2013). Normal bowel

movements may be slightly depressed and the animal may show mild signs of colic.

The chronic cases usually present non specific clinical signs such as mild in-

appetence, poor performance and drop in body mass (Rothschild, 2013).
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Bovine piroplasmosis (BP) is caused by tick transmitted apicomplexan

protozoan parasites of the Babesia and Theileria genera. BP causes direct economic

losses such as mortality, reduction in milk and meat yield and indirectly through tick

control measures (Gharbi et al., 2011). These infections are characterized by anemia,

icterus, hemoglobinuria and death (Wagner et al., 2002; Vial and Gorenflot, 2006).

Bovine babesiosis is caused by multiple Babesia species: B. bigemina, B. bovis, B.

divergens, B. major and B. ovata. Two species; B. bovis and B. bigemina have a

considerable impact on cattle health and productivity in tropical and subtropical

countries (Iseki et al., 2010). Bovine Theileria species cause severe and mild

infections in their hosts (Safieldin et al., 2011). Two of the Theileria species, Th.

parva and Th. annulata cause lymphoproliferative disease with high mortality and

morbidity in cattle known as ECF and tropical theileriosis (TT) respectively (Adham

et al., 2009). In addition, benign forms of theileriosis are caused by Th. mutans, Th.

velifera, and Th, taurotragi, which are mainly located in Africa, whereas parasites of

the Th. sergenti-buffeli-orientalis group, often referred to as the Th. orientalis group,

occurs worldwide (Gubbels et al., 1999).

Babesia and Theileria species are transmitted by ticks which become infected

when they ingest parasites in the blood of infected cattle. The major vectors for B.

bigemina are Rhipicephalus microplus and R. annulatus. The major vectors for B.
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bovis are R. microplus and R. annulatus. Both Th. parva and Th. annulata are

transmitted by ticks, the most important vector for Th. parva is R. appendiculatus,

and Th. annulata is transmitted by Hyalomma spp. (Makala et al., 2003; Mans et al.,

2014). The epidemiology of bovine piroplasmosis considers parasite and vector

distribution, mortality and morbidity of disease outbreaks, disease outbreak risk

assessment and disease control measures, socio-economic factors, climate change,

host resistance and susceptibility (Gachohi et al., 2012). While many of these factors

may be addressed by clinical differential diagnosis, vector mapping, vaccination

strategies, and control policy, serological and molecular diagnosis remain central for

confirmation of the parasite identity, distribution, disease surveillance, assessment of

the vaccine and as a tool for informative control policies (Bakheit et al., 2004).

B. bovis is much more virulent than B. bigemina, with B. bigemina, pathogenic

effects relate more directly to erythrocyte destruction. With the virulent strains of B.

bovis, a hypotensive shock syndrome, combined with generalized non specific

inflammation, coagulation disturbances and eythrocytic stages in capillaries

contribute to the pathogenesis. The acute disease generally runs a course of about 1

week. The signs include fever (41°C) which persists throughout and is accompanied

by inappetence, increased respiratory rate, muscle tremors, jaundice, anemia and

weight loss; hemoglobinemia and hemoglobinuria occur in the final stages. CNS
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involvement can occur with B. bovis infections. Either constipation or diarrhea may

be present. Late term pregnant cows may abort, and temporary infertility due to

transient fever may be seen in bulls (Morrison, 2015).

In theileriosis, clinical signs vary according to the level of challenge, and they

range from in-apparent to mild to severe and fatal. Typically fever occurs 7 to 10

days after parasites are introduced by feeding ticks and continues throughout the

course of infection and may be 41°C or more. Lymph node swelling becomes

pronounced and generalized. Anorexia develops, the animal rapidly loses condition;

lacrimation and nasal discharge may occur, terminally, dyspnea is common. Just

before death, a sudden drop in temperature is usual and pulmonary exudates pours

from the nostrils. Death usually occurs 18-24 days after infection. Anemia is not a

major diagnostic sign as in babesiosis because there is minimal division of the

parasites in the RBCs, and thus no massive RBC destruction (Morrison, 2015).
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3. 3. Diagnosis and treatment

Diagnosis of piroplasmosis is through clinical signs, necropsy, and laboratory

diagnosis. For laboratory diagnosis, thick and thin smears of blood from live animals,

organ smears from necropsy and serum samples should be collected. Laboratory

diagnostic procedures include; identification of the agent by microscopic examination

and molecular based techniques based on species specific PCR, serological tests

which include; indirect fluorescent antibody test (IFAT), ELISA and complement

fixation test (CFT) (Morrison, 2015).

For the treatment of EP infections, the efficacy of drug treatment is highly

variable and close monitoring of horses undergoing treatment is necessary to ensure

success. Intramuscular administration of imidocarbdipropionate is considered the

most effective treatment. For B. caballi diminazene aceturate is effective for

treatment of acute disease when administered intramuscularly . Th. equi is resistant

to most therapeutic agents, thus sterilization or even temporary clearance may not

be accomplished even with persistent and repeated efforts (Rothschild, 2013). Anti-

theilerial drugs have been used with variable success in the treatment of clinical

signs of Th. equi infection but cannot completely eliminate the parasite (Kuttler et al.,

1987).
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The only drugs in common use for bovine babesiosis treatment are

diminazene aceturate and imidocarbdipropionate. For treating cattle, diminazene is

given intramuscularly at 3.5mg/kg, imidocarb is given at 1.2mg/kg subcutaneously.

At 3mg/kg, imidocarb provides protection from babesiosis for 4 weeks and will also

eliminate B. bovis and B. bigemina from carrier animals.

Treatment with parvaquone and its derivative buparvaquone is highly effective

when administered in the early stages of clinical disease but is less effective in the

advanced stages, in which there is extensive destruction of the lymphoid and

hematopoietic tissues (Morrison, 2015).

4, Summary

Vector borne hemoprotozoan parasites continue to cause devastating diseases in

developing countries crippling their agricultural and food security mechanisms thus

threatening their livelihoods. Prevalence studies of these diseases will provide

information to decision makers on the extent of the problem and thus provide

insights into finding the mitigation measures for these problems. This study

considers PCR based molecular epidemiological studies on two of the most

devastating animal parasitic diseases in two developing countries with two
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contrasting livestock systems in different continents and climatic zones; one in

tropical Sub-Saharan Africa and another in temperate Central Asia.

5. Objective of this study

The study was aimed at:

1) Establishing PCR based prevalence of animal African trypanosomosis and

selected piroplasm parasites of cattle and goats in Zambia.

2) Establishing PCR based prevalence of animal trypanosomosis and

piroplasmosis among domestic animals in Mongolia.
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Chapter 1

A PCR based survey of animal African trypanosomosis
and selected piroplasm parasites of cattle and goats in

Zambia

1.1. Introduction

Amongst the five Theileria species and subspecies that are known to exist in
Zambia, the most economically important are Th. parva parva and Th. parva
lawrencei (Makala, et al., 2003). B. bovis and B. bigemina are recognized as being of
economic importance to the Zambian cattle sector. B. bigemina is shown to be wide
spread in Zambia, whereas B. bovis is mostly restricted to the eastern and north
eastern parts of the country (Jongejan et al.,, 1988). Infections caused by B.
bigemina are more extensive than those caused by B. bovis and this may be
attributed to a wider vector range of B. bigemina (Makala et al., 2003).

In Zambia, trypanosomosis in cattle has more of an endemic nature and is
characterized by high morbidity and rather low mortality. However the devastating
effects of trypanosomosis on livestock production are very obvious in areas where
susceptible livestock are introduced in a tsetse infested zone or vice versa. A good

example being the plateau of eastern Zambia where devastating livestock
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trypanosomosis epidemics occurred after game and tsetse spread south and east

from the Luangwa valley onto the plateau (Van den Bossche and Delespaux, 2011).

The reason for the epidemic nature of trypanosomosis is attributed to the diversity in

trypanosome populations (Masumu et al., 2009). As a result of drug use and high

mortality rates in untreated animals infected with virulent strains, the likelihood that

virulent strains persist in susceptible livestock of the domestic transmission cycle is

low. On the low plateau of eastern Zambia for example, only 20% of the

trypanosome strains isolated from cattle had a virulent phenotype (Masumu et al.,

2006). Moreover, laboratory experiments indicated that the presence of an infection

with low virulent trypanosome strains confers protection against the deleterious

effect of an infection with a virulent strain (Masumu et al., 2009).

This study aims at assessing the prevalence of trypanosomes and selected

piroplasms of great importance to livestock farming in the areas of Chama, Monze

and Mumbwa in Zambia. The present study will generate information that will give a

glimpse of the nature of behavior and diseases associated with these parasites

among the cattle and goats in these areas.
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1. 2.Materials and methods

1. 2. 1. Study area and sample size

Sample collection was conducted in the Chama (Muchinga province),

Mumbwa (Central province) and Monze (Southern province) districts in the dry

season (May to October) of 2010 (Fig. 4). A total of 472 head of cattle from Chama

(n=292), Mumbwa (n=96) and Monze (n=84) and 53 goats (all from Chama) were

examined for the presence of animal African trypanosomes (Trypanozoon, T.

congolense, and T. vivax), B. bigemina and Th. parva using PCRs.

1. 2. 2. Sample collection and DNA preparation

Blood samples were collected from cattle and goats whose owners consented

to participate in the survey. Permission was obtained according to the standards of

animal experimentation in Obihiro University of Agriculture and Veterinary Medicine

(Approval No. 28-47), and department of Veterinary and Livestock Development,

Zambia (Approval No. 212C0100011192). Approximately 5 ml of blood was drawn

from the jugular vein of each animal using vacutainer tubes with EDTA-2Na (Terumo

Co., Tokyo, Japan) and loaded into capillary tubes and the packed cell volume

(PCV) values determined. These procedures were conducted in the field at the

sampling site. In addition, the total DNA of each blood sample (1 ml) was isolated
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using a DNA isolation kit for mammalian blood (Roche Diagnostics Mannheim,

Germany) according to the manufacturer's suggested protocol. The resultant DNA

was stored at -30°C until use.

1. 2. 3. Detection of hemoparasites by PCR

This study used 2 different PCR techniques for trypanosome detection and

species identification: (i) a KIN-PCR, which amplifies internal transcribed spacer 1

(ITS1), was used for Trypanozoon (T. brucei brucei, T. b. rhodesiense, T. b.

gambiense, T. evansi and T. equiperdum) and T. congolense; and (ii) a TviCatL-

PCR, which amplifies the highly conserved Cathepsin L-like gene among T. vivax

isolates (McLaughlin et al., 1996; Cortez et al., 2009). A PCR that amplifies apical

membrane antigen 1 (AMA 1) was used for B. bigemina, while a p104 gene PCR,

which uses IL755 and IL3231 primers to amplify the p104 gene was used for Th.

parva (Table 1) (Sivakumar et al., 2012,; Skilton et al., 2002). All of the parasites

were detected using single-step PCR methods. For the trypanosomes, the PCR

reactions included 1pl of 10x reaction buffer, 0.3 ul 50mM magnesium chloride, 250

UM dNTPs and 0.1 ul of Tag DNA polymerase (all from Thermo Fisher Scientific Inc.,

Waltham, MA, USA), 1 ul of each of the forward and reverse primers and 5.1 pl of

double distilled water (DDW); 0.5 pl of the DNA sample was added to the individual
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PCR mixtures. PCRs were conducted on a Veriti™ Thermal cycler (Thermo Fisher
Scientific). The PCR conditions have been described previously (Desquesnes et al.,
2001). For the piroplasms, the PCR reactions included 1 ul of 10x reaction buffer,
200 uM dNTPs and 0.1 pl of DNA polymerase (AmpliTag gold®) (all from Thermo
Fisher Scientific), 0.5 ul each of the forward and reverse primers and 5.9 ul of DDW.
One microliter of the DNA sample was added to the individual PCR mixtures. The
PCRs were conducted on a Veriti'™ thermal cycler. The PCR conditions used for
Babesia and Theileria species have been described previously (Sivakumar et al.,

2012,).

1. 2. 4. Statistical analysis
The 95% confidence intervals determined using the Creative Research

Systems software program (accessed at www.surveysystem.com). Chi-square and

Fisher's exact tests were performed and the strengths of their associations were

tested and their p-values determined using the GraphPadPrism software program

(GraphPad Software Inc., La Jolla, CA, USA). Associations between the hematocrit

values and the various parasitic infections were analyzed using a one-way analysis

of variance, the strengths of the associations were tested using Tukey's mean

difference and p-values determined using the GraphPadPrism software program.
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1. 3. Results

1. 3. 1. Parasite prevalence by species

In the present study, 200 of the 525 (38.1%) samples were found to be

positive for at least one hemoprotozoan parasite. T. congolense, Trypanozoon, T.

vivax, B. bigemina and Th. parva were identified in cattle and goat samples collected

from the three locations investigated in this study (Table 2). T. vivax, which was

detected in 19.8% of the samples, was the most common parasite. The prevalence

of T. vivax in goats (37.7%) was significantly higher than that in cattle (17.8%) (Table

3). The second most common parasite was B. bigemina, which was present in

16.1% of cattle. This was followed by T. congolense (1.9% and 5.7% in cattle and

goats, respectively), then Trypanozoon (1.0% in cattle only) and lastly Th. parva

(0.6% in cattle only). The only significant infection between species was T. vivax

(Table 3). Twelve percent of the infected samples were mixed infections (Table 4).

The most frequent mixed infections were T. vivax/B. bigemina (7.0%), followed by T.

congolense/T. vivax (2.5%), then T. congolense/B. bigemina (1.0%) and B.

bigemina/Th. parva (1.0%) and lastly T. congolense/T. vivax/B. bigemina (0.6% in

cattle) (Table 4).
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1. 3. 2. The prevalence rates according to location

Accordingly no trypanosome-positive samples were found in the samples from

Monze and all the Th. parva positive samples were from Monze. The area with the

highest prevalence in cattle was Mumbwa (69.8%) followed by Monze (44.0%) and

Chama (25.0%) (Table 2). Although there was no significant difference in the

Trypanozoon and T. congolense prevalence, there was a significant difference in the

prevalence of T. vivax, Th. parva and B. bigemina positivity, with Mumbwa having a

significantly higher prevalence of T. vivax (39.6%), Monze having the only Th. parva

positive samples, and a significantly higher prevalence of B. bigemina (40.5%)

(Table 2). Chama was the only area in which goat samples were collected; the rest

only had cattle samples. B. bigemina was the only parasite found across all three

areas, with the highest prevalence in Monze (40.5%) followed by Mumbwa (24.0%)

and Chama (6.5%) (Table 2). In Chama and Mumbwa, T. vivax was the most

prevalent trypanosome in cattle (15.8% and 39.6%, respectively) followed by T.

congolense (1.4% and 5.2%) and finally Trypanozoon (1.4% and 1.0%) (Table 2).

1. 3. 3. Prevalence according to age and sex

There were no significant differences in the prevalence according to age and

sex in cattle and goats; however, male cattle (39.5%) had a slightly higher
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prevalence than female cattle (36.3%). In contrast female goats (62.5%) had a

higher prevalence than male goats (38.5%). Adult animals (>2 years of age in cattle

and >0.5 years of age in goats) of both species had a higher prevalence than

juvenile animals (42.1% vs 26.8% in cattle, and 58.1% vs 54.5% in goats).

1. 3. 4. The relationship between PCV and infection

According to the hematocrit values, there was no significant difference

between the positive and negative samples from goats (data not shown). In cattle,

however, there was a significant difference between the mixed infections, the single

infections and negative samples, with the mixed infection samples having a

significantly lower hematocrit values (Figure. 5).
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1. 4. Discussion

In this study, the prevalence of AAT and piroplasmosis in the three locations

(Chama, Monze and Mumbwa) in Zambia was determined using PCR based

methods. PCR based screening results suggested that T. vivax was the most

prevalent parasite (Table 2). This can be attributed to the fact that this parasite,

(unlike other tsetse-transmitted trypanosomes) can also be transmitted mechanically

by other biting flies as has been shown in other studies outside the tsetse belts,

especially in South America (Desquesnes and Dia, 2003; Kone et al., 2011). The

second most common parasite was B. bigemina, which was also the only parasite

that was found in all three locations (Table 2). This is in line with the results of earlier

studies which reported that babesiosis caused by B. bigemina is widespread

throughout Zambia (Jongejan et al., 1988; Makala et al., 2003). Widely distributed

babesiosis caused by B. bigemina is therefore suggested to be a potential threat to

cattle in the country. This could be attributed to the diversity of B. bigemina vectors,

which include Boophilus microplus, Bo. decoloratus and Rhipicephalus evartsi

(Makala et al., 2003) and the fact that the principle host tick, Bo. decoloratus, is also

widely distributed throughout the country (Pegram et al., 1986). In addition, although

babesiosis is recognized as an economically important disease, (unlike theileriosis

and trypanosomosis) its control and eradication have not been a priority maybe
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because of its chronic nature as compared to theileriosis which is acute and has

dramatic effects. The control of babesiosisis mainly achieved through the treatment

of the sick animals; however, it should be noted that tick control through acaricide

use has also helped, even though it has mainly targeted theileriosis (Makala et al.,

2003). Th. parva, was the least prevalent species (<1%), this prevalence is in

agreement with the International Fund for Agricultural Development (IFAD) Zambia

Country Programme evaluation report of 2014 (IFAD report, 2014). This can be

attributable to the various efforts in tick control and vaccination against ECF that

have been carried out by the Government of the Republic of Zambia and other donor

agencies (Makala et al.,, 2003; Mubamba et al., 2011; IFAD report, 2014).The

samples were collected from Chama, Monze and Mumbwa. Accordingly, no

trypanosome positive samples were found from Monze (Table 2); this could be

attributed to the eradication of tsetse flies from the Lake Kariba environs ( Figure. 4).

Twelve percent of the positive samples were mixed infections (Table 4); there

was no significant difference among the host species. However, in cattle there was a

relationship between the hematocrit values and the presence of mixed infection

(Figure. 5). Although there was no significance in the PCV values of the single

infection and negative samples, there was a significant decrease in the PCV values

of the mixed infection samples. The result suggested that mixed infection in cattle is
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responsible for more cases of clinical disease. The development of anemia is one of

the most common signs of disease caused by hemoparasites in susceptible cattle.

The level of anemia or the PCV usually gives a reliable indication of the disease

status and the productive performance of an infected animal (Trail et al., 1990; Trall

et al., 1993). Determining the PCV of the negative animals helps to form a baseline

for comparison of PCVs among the sampled animals because PCV is affected by

confounding factors other than parasitic infections (Van den Bossche and Rowlands,

2001). While goats had a higher prevalence than cattle (Table 3), there was no

significant difference in the PCV values of the infected and non-infected goats. This

could be because they are more tolerant to these parasites than the cattle and

because trypanosomosis in goats commonly follows a subclinical path, usually with

low but persistent parasitemia (Gutierrez et al., 2006; Simukoko et al., 2007,). My

results showed that goats can be an important reservoir for trypanosomes and

treatment of goats when adopted can lead to reduction in trypanosomaosis incidences

in Zambia and other African countries.

In conclusion, | revealed the presence of high prevalence of hemoprotozoan

parasites in cattle and goats in Zambia. This result suggested that the control of

these parasite and vectors is important for the improvement of the agricultural sector

in Zambia.
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Table 1. The PCR primer sets

Tga;gst Primer Sequence (5’2 3)) Specificity (St;;(; Reference
KIN1 GCGTTCAAAGATTGGGCAAT T.congolense 750" McLaughlin et al
ITS1 ;
KIN2 CGCCCGAAAGTTCACC Trypanozoon 540" 1996
_ TvicatlL1 GCCATCGCCAAGTACCTCGCCGA
CatL-like T. vivax 177 Cortez et al., 2009
DTO 155 TTAAAGCTTCCACGAGTTCTTGATGATCCAGTA
B"éi"A' TACTGTGACGAGGACGGATC |
AMA-1 B. bigemina 211 Sivakumar etal.,
BI-AMA- 2012,
=1 CCTCAAAAGCAGATTCGAGT
IL3231 ATTTAAGGAACCTGACGTGACTGC
P104 Th. parva 496 Skilton et al., 2002
IL755 TAAGATGCCGACTATTAATGACACC

"T. vivax cathepsin L-like cysteine protease

“KIN1 and KIN2 oligonucleotides are specific for both T. congolense (750bp band) and Trypanozoon (540bp band)
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Table 2. The parasite prevalence at the three locations

Trypanozoon T.congolense T.vivax B.bigemina Th. parva

Location Host N P %
P % P % P % P % P %
Cattle 292 73 25.0 4 1.4 4 1.4 46 15.8 19 6.5 0 0
Chama
Goats 53 23 43.4 0 0 3 57 20 37.7 0 0 0 0
Monze Cattle 84 37 44.0 0 0 0 0 0 0 34 405 3 3.6
Mumbwa Cattle 96 67 69.8 1 1.0 5 52 38 396 23 240 O 0
Total 525 200 38.1 5 1.0 12 23 104 198 76 145 3 0.6
p-value 0.615 0.057 <0.0001*® <0.0001*° 0.0004* ¢

*Statistically significant (p<0.05)

®The T. vivax infection rate was significantly higher in Mumbwa than in the other locations.
®The B. bigemina infection rate was significantly higher in Monze than in the other locations.
“Th. parva was only found in Monze.

N: Sample number, P: PCR positive sample number, %: PCR positive rate
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Table 3. The Prevalence of parasites in each species

Trypanozoon T. congolense T. vivax B. bigemina  Th. parva
Species N P %
P % P % P % P % P %
Cattle 472 177 37.5 5 11 9 1.9 84 17.8 76 161 3 0.6
Goats 53 23 43.4 0 0 3 5.7 20 37.7 0 0 0 0
Total 525 200 38.1 5 1.0 12 2.3 104 19.8 76 145 3 0.6
p-value ND 0.111 0.025* 2 ND ND

*Statistically significant (p<0.05).

®The T. vivax infection rate was significantly higher in goats than in cattle

ND, not done; N, sample number; P, PCR positive number; %, PCR positive rate
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Table 4. Mixed infections according to the species

Tc/Tv Tc/Bb Tv/iBb Bb/Tp Tc/Tv/iBb
Species TP Mi %
P % P % P % P % P %
Cattle 177 22 12.4 3 1.7 2 1.1 14 7.9 2 1.1 1 0.6
Goats 23 2 8.7 2 87 O 0 0 0 0 0 0 0
Total 200 24 12.0 5 25 2 1.0 14 7.0 2 1.0 1 0.5

Tc/Tv, Tc/Bb, Tv/iBb, Bb/Tp and Tc/Tv/Bb indicate a mixed infection with the corresponding parasites.

TP, total number of PCR positive samples; MI, number of samples positive for mixed infection; P, PCR positive number for each

parasite; %, PCR positive rate; Tc: T. congolense; Tv, T. vivax; Bb, B. bigemina; Tp, Th. parva.
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Chapter 2
A PCR based survey of trypanosomosis and piroplasmosis

among domestic animals in Mongolia
2.1. Introduction

Mongolia is the fifth largest country in Asia with a territory of 1.5 million km?
and with one of the world’s lowest population densities. The main pillar of the
economy is the livestock sector based mainly on extensive livestock production with
seasonal migration of mixed herds of sheep, goats, cattle, horses and camels

between pastures (Clausen et al., 2003).

The livestock sector in Mongolia can be generally regarded as low-input and
high risk, and the mentality of the herders is still geared towards increasing livestock
numbers rather than intensification (World Bank, 2009). The Mongolian agricultural
sector has been severely affected by various infectious diseases whose impact is
currently a pertinent issue. Therefore understanding the epidemiology of these
diseases is essential to avoid their devastating impacts on the industry (Altangerel et

al., 2012).

46



Previous studies have shown the prevalence of equine piroplasmosis to be

51.2% (Munkhjargal et al., 2013) and bovine babesiosis 29% in Mongolia (Altangerel

et al., 2012). However, there seems to be no reports regarding piroplasmosis

prevalence in other domestic animal species. Previous reports have also shown the

prevalence of trypanosomosis in Mongolia to be 6%-8% among equines (Clausen et

al., 2003). However these reports never identified the causative species as it is

difficult to distinguish between T. evansi and T. equiperdum using serological

diagnostic techniques. On the other hand, T. equiperdum was isolated in the urethral

tract of a horse showing dourine symptoms in Mongolia, characterized as a true T.

equiperdum strain and named IVM-tl strain (Suganuma et al., 2016). Currently,

there are no reports indicating trypanosomaosis in other domestic animals in Mongolia.

However, there have been reports of clinical symptoms of surra among domestic

animals especially camels and horses in Bayan-olgiy and Hovd provinces by the

local veterinarians.

This study therefore sought to find out the prevalence of trypanosomosis and

piroplasmosis among various domestic animals in the two provinces of Bayan-olgiy

and Hovd in Mongolia. This study will provide a baseline for further establishment of

the prevalence of trypanosomosis and piroplasmosis among various domestic

animals herded together under the extensive livestock system in Mongolia. This will
47



help in the establishment of solutions to mitigate the trypanosomosis and

piroplasmosis infections in Mongolia.

2.2. Materials and methods

2.2.1. Study area and sample size

Sample collection was conducted in Bayan-olgiy and Hovd provinces in north

western Mongolia in the summer (August) of 2014 (Fig. 6). A total of 1,058 blood

samples were collected from various domestic animals as follows: 111 camels (5

from Bayan-olgiy and 106 from Hovd), 119 yaks (93 from Bayan-olgiy and 26 from

Hovd), 255 goats (115 Bayan-olgiy and 140 Hovd), 258 sheep (119 Bayan-olgiy and

139 Hovd), 215 horses (105 Bayan-olgiy and 110 Hovd), 100 Cattle (17 Bayan-olgiy

and 83 Hovd). These were then examined for trypanosomosis and babesiosis using

PCR.

2.2.2. Sample collection and DNA preparation

Blood samples were collected from cattle, camels, yaks, horses, sheep and

goats whose owners consented to participate in the survey (The standards of animal
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experimentation in Obihiro University of Agriculture and Veterinary Medicine
approval No. 28-45). Using vacutainer tubes with EDTA-2Na (Terumo Co., Tokyo,
Japan), approximately 5ml of blood was drawn from the jugular vein of each animal,
and in addition, the total DNA from each blood sample (1 ml) was isolated using
phenol-chloroform DNA isolation protocol. The resultant DNA was stored at -30°C

until use.

2.2.3. Detection of trypanosomes and piroplasms by PCR

This study used KIN PCR technique for trypanosome detection and species
identification (Table 1, in Chapter 1). For piroplasmosis, detection was by RLB
primers that amplify the V-4 region of the 18S rRNA gene to detect Theileria and
Babesia species giving 380 to 500 base pair products; RLB-F2: 5'-
GACACAGGGAGGTAGTGACAAG-3 and RLB-R2: 5'-
CTAAGAATTTCACCTCTGACAGT-3’ (Georges et al., 2001). The parasites were
detected using single-step PCR methods; the PCR reactions included 1pl of 10x
reaction buffer, 0.3 pl 50mM magnesium chloride, 250 uM dNTPs and 0.1 pl of Taq
DNA polymerase (all from Thermo Fisher Scientific Inc., MA,USA), 1ul of each of the
forward and reverse primers and 5.1l of DDW; 1pl of the DNA sample was added to

the individual PCR mixtures. PCRs were conducted on a Veriti'™ Thermal cycler
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(Thermo Fisher Scientific) under the following cycling conditions; initial denaturation

step of 94°C for 3 minutes followed by 35 cycles of 94°C for 1 minute, annealing

temperature of 60°C for 1 minute and 72°C for 1 minute and then final extension of

72°Cfor 7 minutes. The PCR conditions for piroplasmosis were carried out as

described previously (Gubbels et al., 1999).

2.2.4. Statistical analysis

Chi-square and Fisher’s exact tests were performed and the strengths of their

associations were tested and their p-values determined using the GraphPadPrism

software program (GraphPad Software Inc., La Jolla,CA, USA).
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2.3. Results

2.3.1. Prevalence by species

In this study, 289 of the 1,058 sampled animals (27.3%) were found to be

positive with at least one of the parasites. The prevalence of trypanosomosis was

21.3% (225 positive samples) and piroplasmosis 6.1% (64 positive samples all from

horses). The highest prevalence of trypanosomosis was among the goats at 35.7%,

followed by sheep at 26.4%, camels at 17.4%, horses at 15.8%, cattle at 7.0% and

lastly yaks at 5.0%. The prevalence in small ruminants (sheep and goats) was

significantly higher compared to the rest of the animals (p<0.0001) (small ruminants

at 31% compared to others at 12.1%) (Table 5). Piroplasmosis was only found

among the horses where the prevalence was 29.8%. Among the horses, the

prevalence of piroplasmosis was significantly higher than that of trypanosomosis

(p<0.01) and 11.2% of the total infections were mixed infections (Table 8).
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2.3.2. Prevalence by sex

There was a significant difference in the prevalence of trypanosome infection

between the sexes with males (25.6%) having a significantly higher prevalence than

the females (19.8%) (p<0.05). All the animal species except cattle and yak which

had only females being positive among the sampled animals, and camels which had

a significantly higher female population among the sampled animals, had males with

higher prevalence than females, with sheep having a significantly higher prevalence

among the rams (37.5%) compared to the ewes (22.7%) (p<0.05) (Table 5). For the

piroplasmosis, there was no significant difference in the prevalece though the mares

had a higher prevalence than the stallions.

2.3.3. Prevalence by location

According to the 2 provinces, there was no significant difference in the

prevalence rates in the trypanosome infections with Hovd having a higher

prevalence rate at 22.4% than Bayan-olgiy at 19.8%. However sheep from Hovd

province had a significantly higher prevalence rate (34.5%) than those from Bayan-

olgiy (16.8%) (p<0.01) and the reverse was true for the horses with those from

Bayan-olgiy having a significantly higher prevalence (29.5%) than those from Hovd
52



(2.7%) (p<0.0001) (Table 6). During the study, | found out that the sheep kept in

Bayan-olgiy were mainly the Kazakh breed of sheep and when compared to the

other breeds, the Kazakh sheep had a significantly lower prevalence of

trypanosomosis at 17.3% versus 30.5% of the other breeds (p<0.05). For

piroplasmosis, like in trypanosomosis, the horses from Bayan-olgiy (43.8%) had a

significantly higher prevalence than those from Hovd (16.4%) (p<0.0001) (Table 8).

2.3.4. Prevalence by age

According to age there was a significant difference in the prevalence of

trypanosomosis with adult animals having a significantly higher prevalence (22.1%)

than young ones (9.0%) (p<0.01) (Table 7).
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2.4. Discussion

This is the first study to report the prevalence of trypanosomosis among

different species of domestic animals herded together in Mongolia. In this study,

trypanosomosis in the 2 provinces was found among all the livestock species

sampled (Table 5). This could be because of the extensive livestock system where

all the animals are herded together, thus cross infection. It also could be because of

the shortage of veterinary services and also the difficulty of organizing transport to

the rural areas to provide these services (World Bank., 2009). This study also found

that the prevalence among the small ruminants (sheep and goats) was significantly

higher than the rest of the domestic animals. This is consistent with our previous

study of African trypanosomosis in Zambia where a significantly higher prevalence

among the goats was found (Chapter 1). This could be because the disease course

in small ruminants is mainly sub-clinical and therefore not easily detected by the

farmers for treatment (Gutierrez et al., 2006). It could also be because the general

value of an individual small ruminant is not comparable to that of any of the large

animals and so the attention paid to the small ruminants by the farmer is minimal

compared to that paid to the large animals. This could mean that the small ruminants

can easily act as reservoirs of trypanosomosis to the rest of the herd. Next to the

small ruminants, camels (17.4%) and horses (15.8%) were found to have a higher
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prevalence compared to the bovids (cattle 7.0% and yaks 5.0%) (Table 5). This

could be because the horses and camels usually have little contact with the farmers

or herdsmen as they are left to graze by themselves for many days whereas the

bovids maintain daily contact with the farmer because of milking so infections in

bovids are easily detected and dealt with. Horses could also have mixed

trypanosome infections of Surra and Dourine. Dourine has previously been reported

in Mongolia with a 6-8% prevalence rate (Clausen et al., 2003). T. equiperdum was

also isolated from a horse with Dourine symptoms and characterized as true T.

equiperdum strain (Suganuma et al., 2016). However, it is almost impossible to

differentiate between T. evansi and T. equiperdum by PCR (Desquesnes et al.,

2013).

Piroplasmosis was found only among the horses with a prevalence of 29%

(Table 8). This agrees with previous reports, though they reported a higher

prevalence of around 40% (Munkhjagal et al., 2013). This shows that equine

piroplasmosis is a big problem in Mongolia and needs to be addressed seriously.

This high prevalence could be due to the abundant presence of the vector ticks of

equine piroplasmosis in Mongolia as previously reported (Byambaa et al., 1994).
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According to sex, the males generally had a significantly higher prevalence

rate of trypanosomosis than the females. This could be because the females are

constantly in contact with the farmers and thus any slight discomfort can be detected

especially during milking time and dealt with. On the contrary, male animals are

usually detected when they have clinical disease or sometimes just found recumbent

or dead. However, among the camels, yaks and cattle, the females had a higher

prevalence. This could be attributed to the significantly higher numbers of female

animals sampled compared to the males. Previous studies have shown that sex has

an impact on the prevalence of equine piroplasmosis (Ruegg et al., 2007; Kouam et

al. 2010). In this study, | found no significant difference in the prevalence between

the sexes although females had a higher prevalence. This is in agreement with a

previous study in Mongolia where no significant differences in the prevalence among

the sexes was found but unlike this study, found that stallions had a higher

prevalence (Munkhjagal et al., 2013).

According to age, the adults had a significantly higher trypanosomosis

prevalence rate compared to the young animals. This could be due to the fact that

very few young animals were among the sampled animals and actually for the sheep

and goats no young animals were available for sampling. Also all the positive young

animals were colts, all the other species’ young were negative. This could be
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because unlike the other domestic animals whose young ones are kept separately,

the horses usually move with their young ones and so expose them to the same

conditions where they can be parasitized. The other reason for the lower prevalence

of the young animals could be the fact that compared to the adults, they produce

less odor plumes due to their smaller body sizes and so less attractive to the vectors

(Simukoko et al., 2007,). With equine piroplasmosis, this study is in agreement with

previous studies that found that age had an impact on the prevalence (Ruegg et al.,

2007; Kouam et al. 2010). The infection in young horses was significantly higher

than that in adult horses. This can be attributed to the relative higher resistance

among the older horses compared to the younger ones. However, it also could be

that fewer young horses were sampled.

According to the location, there was no significant difference regarding the

prevalence in general though Hovd province had a slightly higher prevalence than

Bayan-olgiy. However, considering the individual animal species, there was a

significant difference in the prevalence among horses and sheep of the two

provinces. Horses in Bayan-olgiy had a significantly higher prevalence of both

trypanosomosis and piroplasmosis than those in Hovd province (Tables 5 and 8).

This can be attributed to the differences in husbandry systems in the two areas,

Bayan-olgiy is mainly high altitude hilly area and the livestock there are usually kept
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in large herds of families, thus cross infection is more readily possible than in Hovd

where horses are scattered in small grazing herds. The sheep in Bayan-olgiy had a

significantly less prevalence of trypanosomosis than those of Hovd province. The

fact that most of the sheep kept in Bayan-olgiy are Kazakh sheep breed could

indicate a possible resistance of this breed to the trypanosome infections compared

to the other breeds. However, there are no previous reports on this; but it is a point

worth further investigation. It could also be due to the fact that livestock farmers in

Bayan-olgiy keep large herds of animals therefore more commercial and thus take

better care of their animals than those in Hovd who are small herders. The reports

on animal husbandry practices in Mongolia indicate that farmers with small herds are

more likely to neglect them than those with larger herds due to the relative economic

importance (World Bank, 2009).

This study highlights the presence of trypanosomosis among many domestic

animal species herded together in Mongolia. It also reveals the possible role of small

ruminants as reservoirs of trypanosomosis. It furthermore shows that equine

piroplasmosis is most cause for concern among all the other piroplasmoses in

Bayan-olgiy and Hovd provinces in Mongolia.
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Table 5. Trypanosomosis prevalence according to species and sex

M F

Species N P %

N P % No. P %
Camel 111 19 17.4 36 5 13.9 75 14  18.7
Yak 119 6 5.0 3 0 0 116 6 7.6
Goat 255 91 35.7% 40 17 425 215 74 344
Sheep 258 68 26.4% 64 24 37.5° 194 44  22.7
Cattle 100 7 7.0 8 0 0 92 7 7.6
Horse 215 34 15.8 119 23 19.3 96 11 115

Total 1,058 225 21.3 270 69 256 788 156 19.8

p-value <0.0001™" <0.05

N: number, P: PCR positive, %: PCR positive rate

#Positive rates among sheep and goats were significantly higher than other species
p<0.0001

PPositive rates among rams were significantly higher than ewes, p <0.05

Statistically significant: p<0.05,  p<0.0001
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Table 6. Trypanosomosis prevalence according to location

Location Host N P %
Camel 5 0 0
Yak 93 3 3.2
Goat 115 36 31.3
Bayan-Olgiy Sheep 119 20 16.8
Cattle 17 0 0
Horse 105 31 29.5°
Total 454 90 19.8
Camel 106 19 17.9
Yak 26 3 115
Goat 140 55 39.3
Hovd Sheep 139 48 34.5°
Cattle 83 7 8.4
Horse 110 3 2.7
Total 604 135 22.4
Grand Total 1,058 225 21.3
p-value 0.59

N: number, P: PCR positive, %: PCR positive rate

44 positive rates among horses in Bayan-olgiy were significantly higher than in Hovd

province (p=0.0001"") and the reverse was true for sheep (p =0.002**)

Statistically significant: “p<0.01, ~ p<0.0001

60



Table 7. Trypanosomosis prevalence according to age

Young Adult
Species N P %
N P % N P %

Camel 111 19 17.4 10 0 0 101 19 18.8
Yak 119 6 5 15 0 0 104 6 5.8
Goat 255 91 35.7 0 0 0 255 91 35.7
Sheep 258 68 26.4 0 0 0 258 68 26.4
Cattle 100 7 7 3 0 0 97 7 7.2
Horse 215 34 15.8 39 6 154 176 28 15.9
Total 1,058 225 21.3 67 6 9.0 991 219 22.1
p-value 0.009™

N: number, P: PCR positive, %: PCR positive rate

Statistically significant: ~p<0.01
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Table 8. Piroplasmosis and mixed infections in horses

Mixed infections

N P % p-value
Total®  Mixed %

Hovd 110 18 16.4 21 1 4.8
Location <0.0001

Bayan-olgiy 105 46 43.8 77 10 13

Male 119 32 26.9 55 4 7.3
Sex 0.37

Female 96 32 33.3 43 7 16.3

Adult 176 43 24.4 " 71 9 12.7
Age 0.0008

young 39 21 53.8 27 2 7.4

Total 215 64 29.8 98 11 11.2

N: number, P: PCR positive, %: PCR positive rate

®Total refers to total of trypanosomosis and piroplasmosis

Statistically significant: “p<0.01, ~ p<0.0001
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Fig 6: A map of Mongolia showing the sampled areas, (http://www.freemap.jp)

Red color area: Sampled area
Green color area: Capital city (Ulaanbaatar)
(DBayan-olgiy province

@Hovd province

63



General discussion

Vector borne hemo-protozoan diseases are very important livestock diseases

in developing countries especially in sub-Saharan Africa and Central Asia.

Trypanosomosis and piroplasmosis are a threat to the livestock industries of these

countries. Vector control of these diseases (tsetse and other blood sucking flies in

the case of trypanosomosis and ticks in case of piroplasmosis), is a sure way of

controlling and even eradicating these diseases. However, these countries do not

always have the budgetary resources to carry out these control measures.

Epidemiological studies can help to effectively assess the status of these diseases

and the information generated can always be used for efficient and cost effective

planning for the eventual preventive and eradication measures.

In the study in Zambia, | detected several animal African trypanosomosis

(AAT) agents namely; T. congolense, T. vivax and Trypanozoon in cattle and goats

from 3 sampled districts of Chama, Mumbwa and Monze. T. vivax was the most

prevalent of the three trypanosome species and this could be attributed to the fact

that unlike the other AAT causative agents, it can also be transmitted by biting flies

(Desquesnes and Dia, 2003; Kone et al., 2011). AAT prevalence was also found to

be higher in goats than cattle; this was also the case with Mongolian trypanosomosis

whose prevalence was significantly higher in small ruminants than in the other
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domestic animals. This could be due to the resilience of small ruminants to

trypanosomosis as compared to the larger animals; the disease in goats runs a sub-

clinical path with a low but persistent parasitemia (Gutierrez et al., 2006; Simukoko

et al., 2007,p). This situation compounded with the finding of the infected goats with

normal PCV values shows that they can tolerate the disease well and therefore can

act as reservoirs of trypanosomosis.

Both studies found that there was no significant difference in the infection with

regards to sex; however, much as the same applied to the age in the Zambian study,

there was a significant difference with regards to age in the trypanosomosis

infections in Mongolian domestic animals with adults having a higher prevalence

than young ones. The reason for the lower prevalence of the young animals could be

the fact that compared to the adults, the produce less odor plumes due to their

smaller body sizes and so less attractive to the vectors (Simukoko et al., 2007,). The

other reason could be that the young animals are less exposed to the vectors than

the adults and thus lower infections. Also the fact that all the positive young animals

were horses further lends credence to this notion because unlike the other domestic

animals in Mongolia, horses usually stay with their young ones thus exposing them

to the same condition as the adults.

This study also further confirmed that vector control is effective in the

65



eradication of trypanosomosis. This was evident in the Zambia study where Monze

was found free of trypanosomosis due to the tsetse eradication that occurred around

the lake Kariba area.

Regarding piroplasmosis, the study revealed that bovine babesiosis caused

by B. bigemina was a serious problem to the Zambian cattle. This could be because

B. bigemina has many vectors and its principle vector Bo. decoloratus is found all

over the country (Makala et al., 2003). It could also be because unlike theileriosis,

which is considered a priority disease (IFAD report, 2014), bovine babesiosis is

neglected. This also manifested in the very low theileriosis prevalence found by the

study. The study also found that equine piroplasmosis could be a big problem in

Mongolia. This is in concordance with other studies carried out in Mongolia

(Munkhjargal et al., 2013). This high prevalence could be due to the abundant

presence of the vector ticks of equine piroplasmosis in Mongolia as previously

reported (Byambaa et al., 1994). The study also showed that piroplasmosis affected

the young horses significantly more than the adult horses. This agrees with previous

studies that showed that age and sex can affect the prevalence of the infection

(Ruegg et al., 2007; Kouam et al. 2010) although in my study, there was no

significant difference in the prevalence among the sexes. There was a significant

difference in the prevalence of piroplasmosis with regards to the sampled areas
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where Bayan-olgiy had a higher prevalence than Hovd. This could be attributed to
the differences in husbandry systems in the two areas, Bayan-olgiy is mainly high
altitude hilly area and the livestock there are usually kept in large herds of families,
thus cross infection is more readily possible than in Hovd where horses are scattered
in small grazing herds.

Both studies found a considerable percentage of mixed trypanosomosis and
piroplasmosis infections. In the Zambian study, the cattle with mixed infections had a
significantly lower PCV compared to the single infections and the negative samples.
This shows that mixed infections are the main cause of clinical disease.

Therefore vector borne protozoan disease are a considerable challenge to
livestock sectors in both countries. Efficient prevention and control strategies of

these will depend on the proper identification and quantification of these diseases.
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General summary

Livestock plays a central role to the economies of developing countries and
are usually a means of transitioning from poverty to wealth. Endemic parasites are a
major source of economic loss in animal husbandry, especially in developing
countries, but the extent of those losses has yet to be accurately specified, and
knowledge about the economics of treatment of these diseases is inadequate,
mostly because the damage functions, and in addition, the response functions to
treatment are not yet very well known. The relative significance of most vector borne
diseases in livestock is extremely difficult to quantify, because in most countries
there is no formal reporting, poor diagnosis, and no surveillance or collated
assessment of prevalence or economic impact. In sub-Saharan Africa and Central
Asia, trypanosomosis and piroplasmosis are a very big threat to the livestock
industry and epidemiological studies of these diseases can help to effectively assess
their status for effective control. African livestock trypanosomes are threatening 48
million cattle in an area of 10 million square kilometers in 37 African countries; they
cause disease syndromes responsible for major production losses including death in
the absence of treatment. In Asia, trypanosomes in domestic animals mainly cause
surra and dourine. T. evansi and T. equiperdum are continuously present eastwards,

and throughout the whole of Asia. Piroplasmosis in domestic animals is mainly
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caused by Babesia and Theileria species. These main agents of animal

piroplasmosis are vectored by ticks thus making tick borne diseases a major cause

of concern to livestock producers. Tick-borne protozoan diseases (e.g., theileriosis

and babesiosis) pose important problems for the health and management of

domestic cattle in developing countries. Piroplasmosis affects many domestic and

wild animals but the most important disease syndromes are equine and bovine

piroplasmosis. Vector borne hemoprotozoan parasites continue to cause devastating

diseases in developing countries crippling their agricultural and food security

mechanisms thus threatening their livelihoods. Prevalence studies of these diseases

will provide information to decision makers on the extent of the problem and thus

provide insights into finding the mitigation measures for these problems. This study

considers PCR based molecular epidemiological studies on two of the most

devastating animal parasitic diseases in two developing countries with two

contrasting livestock systems in different continents and climatic zones; one in

tropical Sub-Saharan Africa and another in temperate Central Asia.

In the Chapter 1, | examined the prevalence of trypanosomosis and selected

piroplasms in cattle and goats in Zambia. The livestock sector in Zambia is

characterized by small holder farmers with basically low input and low output.

Productivity per animal is of minor importance and emphasis is put on the number of
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animals. Livestock especially cattle are considered a symbol of family wealth. The

animals are fed by grazing on open pastures and crop residues. In this study, 38.1%

of all the animals sampled were positive for at least one of the parasites. This shows

that these diseases are very important to the livestock sector and if not addressed

they can lead to huge economic losses. The goats had a significantly higher

prevalence of trypanosomosis compared to the cattle despite a relatively normal

PCV (p<0.05). This shows that despite the infection with trypanosomosis, goats

rarely show clinical disease or come down with mild symptoms that do not warrant

the attention of the farmers. This then marks them out as reservoirs of

trypanosomosis since they are usually left untreated. Bovine babesiosis was found to

be in all the 3 sampled areas making it the most wide spread disease. In Zambia,

farmers pay more attention to theileriosis because of its dramatic and acute nature

and forget about babesiosis which is usually chronic and debilitating. This study

shows that babesiosis is wide spread and also needs attention. According to the

hematocrit values, the packed cell volume (PCV) (%) among the cattle with mixed

infections was significantly lower than that of the other cattle. The presence of

multiple parasite species and mixed infections among the Zambian cattle and goat

populations is of both clinical and economic importance to livestock farming. The

absence of trypanosomosis among the samples from Monze can be attributed to
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tsetse eradication efforts that took place around Lake Kariba. This shows that the

prevention and control of the vectors of these parasitic diseases can have a

significant impact on the disease status, which can translate directly into the

improvement of the livestock sector in Zambia.

In Chapter 2, the study focused on the prevalence of trypanosomosis and

piroplasmosis in several domestic animal species in Mongolia. The Mongolian

livestock industry depends on nomadic systems of husbandry where a variety of

animals is herded together. It is characterized by low input and large herds grazing

across pastures in the open country. Like the Zambian livestock system, it also

emphasizes the numbers as compared to the productivity of the individual animal

and adaptation to the environment is also considered an important factor. However,

unlike Zambia, Mongolia’s agricultural sector and livelihood heavily depends on

livestock production. In this study, | found that trypanosomosis was prevalent in all

the livestock species at 21.3% which raises a possibility of cross infection, with

sheep and goats showing a significantly higher prevalence (p<0.0001) thus marking

them out as possible reservoirs of trypanosomosis. Males also had a significantly

higher prevalence rate than females (p<0.05), this is because the female animals get

attention from the farmers during milking and thus it is easy to notice the

abnormalities compared to the males which rarely interact with the farmers. Adult
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animals had a significantly higher prevalence of trypanosomosis than young animals.

This is because the young animals are usually kept apart from the adults and there is

also less exposure and vector attraction to young animals because of their relatively

smaller bodies which produce low amounts of odor plumes to attract vectors than the

adults. The study also found that the sheep in Bayan-olgii province had a

significantly lower prevalence than those in Hovd province (p=0.0017). The sheep in

Bayan-olgiy are mainly Kazakh breed which are adapted to the mountainous terrain

of Bayan-olgiy. However, no previous study has linked this breed to trypanosomosis

resistance. The horses in Bayan-olgiy however had a significantly higher prevalence

of trypanosomosis than those in Hovd province (p=0.0001). This could be attributed

to the herd structure of the livestock in the two places whereby in the mountainous

Bayan-olgiy, all the livestock graze in a compact group whereas in the plains of Hovd,

the horses are usually scattered away from the rest of the herd thus decreasing the

chance of cross infection. The study found piroplasmosis only among the equines at

29.8%, thus highlighting the importance of equine piroplasmosis in Mongolia. This

study also highlighted the effect of husbandry system regarding a particular animal

species to the disease prevalence.

The two chapters show that small ruminants could possibly be a reservoir for

animal trypanosomosis in the two study areas. The study also highlights the
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importance of vector control in control of vector borne diseases. This study shows
that it is very important to know the prevalence of a disease because it highlights the
various characteristic of the disease in the affected area thus making it easier to put

in place effective and efficient intervention measures.
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